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CHAPTER 1 
THE PRINCIPAL PROPERTIES OF THE 
WAR GASES 


(A) PHYSIOPATHOLOGICAL PROPERTIES 
The degree of toxicity is usually expressed by the following characteristics: 
(1) The lower limit of irritation. 
(2) The limit of insupportability. 
(3) The mortality-product. 
|. The Lower Limit of Irritation 
The lower limit of irritation of a gas, also termed "the threshold value of pathological sensitivity," 2 is the minimum 
concentration provoking a painful sensation at those surfaces on which it acts in its characteristic manner. The 
surfaces are the conjunctiva, the nasal mucosa and the pharynx, the skin, etc. Experiments are made on human 
subjects and are continued until the appearance of signs of the specific action of the gas, generally lachrymation 
or sneezing, on all or nearly all the persons taking part in the experiment. 
The lower limit of irritation is generally expressed in mgm. Of substance per cubic meter of air. 
In Table I the values of the lower limit of irritation are given for several substances. 

TABLE I. Lower Limits of Irritation 


WAR GAS Mom, /cu, M, 
Dipheny! chloroarsine : ; : . OT 
Chloro acetophenone . ° ‘ . « O83 
Ethyl dichloroarsine . : < : f 7 
Chloropicrin . : . . . : 2 
Phosgene . . ‘ : . , ‘ 5 
Trichloromethyl chloroformate . . . 5 
Dichloromethy] ether 4 : ¥) Ake. 


Tt will be seen from this table that the lower limit of irritation of the war gases may vary between fairly wide limits. 
The substance with the greatest irritant power known to the present is diphenyl chloroarsine. 

2. The Limit of Insupportability 

The limit of insupportability is the maximum concentration, which a normal man can support for | minute without 
injury. 

This characteristic can only be determined for those war gases, which have a predominantly irritant action. In the 
case of lachrymatories, it is usual after abundant lachrymation to arrive at a condition of photophobia, burning of 
the eyes and inability to keep the eyes open, and this stage is considered that of the limit of insupportability. In the 
case of sternutators, insupportability is taken to be the stage when, after the production of sneezing, other 
symptoms such as coughing, retrosternal pain, headache, etc., appear and produce the sensation of having reached a 
limit beyond which it would be unwise to proceed. 

In Table II the values of the limits of insupportability are given for several substances: 


TABLE II. Limits of Insupportability 


WAR GAS MGM./CU. M. 


Dipheny! chloroarsine . F ; . I 
Chloroacetophenone . ‘ ‘ ‘ . 45 
Ethyl dichloroarsine . ‘ ? ‘ . 0 
Dichloromethyl ether : ; . 40 
Trichloromethyl chloroformate . , . 40 
Chloropicrin . ; : : . . 50 


The substance having the lowest limit of insupportability is diphenyl chloroarsine, and that having the highest is 
chloropicrin. 
3. The Mortality-product 
The mortality-product, also termed the Lethal Index, or the Haber Product, W, is given by the product of the 
concentration, C, of the substance in air (expressed in mgm. per cu. m.), by the duration, t, of its action (expressed 
in minutes) sufficient to cause death. It is normally expressed by the following equation: 

Cxt=W 
The mortality-product gives the toxic power of the asphyxiants and of those poisons absorbed through the skin. It 
cannot be experimentally determined on the human subject, and experiments are normally made on animals, cats, 
rabbits, cavies or dogs. 
It is inversely proportional to the toxicity of a substance: the lower the value of the index, the greater is the toxic 
power. 
According to Flury,1 the formula quoted above gives values sufficiently accurate for practical purposes when 
working with concentrations insufficient to cause the death of the animals in a few minutes and not so low as to 
need less than several mgm. of the substance. 
American workers have generally determined the mortality-product at two different durations: at an exposure time 
of 10 minutes (short exposure) and at an exposure time of 30 minutes (long exposure). 
The values of the mortality-products are referred to the species of animal used in the experiments and are valid only 
under the same experimental conditions. They are thus not applicable to man. However, they give comparative data 
of great importance for the evaluation of the relative toxic power of substances. 
Table LI gives values of the mortality-product for several substances. 


TABLE ITI, Mortality-product 


AMERICAN DATA 


GERMAN DATA ON DOGS AND 


WAR GAS 


on cats? mick! 
Phosgene. ; 450 5,000 
T Aciiosineligk chloroformate F 500 5,000 
Dichloromethyl ether. : ‘ 500 4,700 
Chloropicrin ‘ : : é 2,000 20,000 
Ethyl dichloroarsine : Fi 3,000 5,000 
Diphenyl chloroarsine . ; . 4,000 15,000 
Chloroacetophenone. ; ‘ 4,000 8,500 


The difference between the German and the American results in Table III is attributable to various causes: the 

German values were obtained with cats, and the American with dogs and mice; cats are more sensitive to some 
toxic substances and less to others; the German values were obtained during the war, when the cats used in the 
experiments were suffering from malnutrition. 


(B) PHYSICAL PROPERTIES 
The principal physical properties to be considered in evaluating the practical utility of a substance for use as a war 
gas are as follows: 


|. Vapor Tension 

All liquid and solid substances possess a definite tendency to pass into the gaseous condition. Because of this 
tendency, a layer of vapor forms above each substance and exercises a certain pressure whose magnitude depends 
on the temperature. This pressure, termed the vapor tension or vapor pressure, is expressed in mm. of mercury. 

In the case of the war gases, this physical constant has an especial interest. In order to be of use in warfare, at least 
as a toxic agent on the respiratory tract, a gas must have a vapor pressure high enough at ordinary temperatures to 
supply enough gas to the atmosphere to produce useful physiopathological effects. However, this property has only 
a minor value in the case of substances such as diphenyl dichloroarsine, which are used in the form of aerosols. 
There are various methods (static, dynamic, etc.) of determining the vapor tension of a substance, but it is not 
proposed to describe these here, as they may be found in special treatises. 

Moreover, various formulae may be employed to calculate the vapor tension of a substance at different 
temperatures. That in most general use is the empirical formula of Regnault: 


logp=a+bpt+cyt 
This may also be used in the following shorter form: 


273 +7 
In this formula A and B are two constants, which vary from substance to substance and whose values may be 


calculated from the boiling points of the substance, t; and ty, at two different pressures, p; and p>. Two equations 
are thus obtained with two unknowns: 


273 +4 
B 
273 +4, 


logy Pp = A + 


logis p) = A + 


logie f2 = A + 


. . from which the values of A and B may be obtained. 

Research carried out by various workers has demonstrated that this formula gives values sufficiently concordant 
with those obtained experimentally by the dynamic method. In calculating the values of the two constants it is 
necessary, however, to employ two boiling points at temperatures at least 70°C. apart. 

Baxter, Mumford and others,1 applying this formula to the determination of the vapor tension of war gases, have 
determined the values of A and B for various substances as follows: 


TABLE IV. Values of Constants A and B 


Phosgene. ; . . ‘ 75595 — 1,326 

Chloropicrin : ‘ . . 82424 — 2,045°1 
Cyanogen bromide ‘ ‘ : 10-3282 — 2,457°5 
Dichloromethy] sulphide ‘ ‘ 8:3037 — 2,734°5 
Methyl dichloroarsine . ‘ : 8-6944 — 2,281-7 


Diphenyl chloroarsine . ‘ ‘ 7+8930 | — 3,288 


By substituting the values of Table 1V in the formula already given, the vapor tensions of the various substances 
may be found at different temperatures. 
In Table V the values of the vapor tensions of several substances are given in mm. of mercury at 20° C. 


TABLE V. Vapour Tension at 20° C, 


MM. MERCURY 
Bromobenzyl cyanide . ‘ . ‘ 0-012 
Dichloroethyl sulphide ‘ 5 F OII5 
Chlorovinyl dichloroarsine . ; ; 0°395 


Trichloromethyl chloroformate . ; I0°3 
Chloropicrin . ; : ; : 16-9 
Cyanogen chloride. : 3 . I,00r-0 


Phosgene . - , ; : . 1,173°4 
It is seen from this table that the variation in the vapor tensions of the war gases is very great. For example, some of 
these substances have a vapor tension greater than one atmosphere (phosgene, cyanogen chloride), while others 
(dichloroethyl sulfide, bromobenzyl cyanide) have an extremely low vapor tension, and for this reason special 
methods are necessary in order to obtain efficient results in using them in warfare. 
2. Volatility 
By the term volatility is meant the weight of the substance contained in 1 cu. m. of saturated vapor at a certain 
temperature. 
The volatility is usually expressed in mgm. of the substance per cu. m. of air, though occasionally also in cu. mm. 
per cu. m. of air. From the latter value the weight per unit volume may be calculated from the formula: 


mgm, = Cu. mm. X d 

. .in which d is the density of the substance. 
The volatility is one of the most important factors in the selection and evaluation of war gases. 
The volatility V of a substance at a certain temperature f may be easily calculated from the following relation: 

M : 273+ p+ 108 
Y= 

22.4 (273 + 4) 760 

. .in which M = molecular weight of the substance, in gm. 


P = vapor tension in mm. of mercury of the substance at the temperature f. 


In the following table, values of the volatility are given in mgm. of substance per cu. m. of air of some war gases at 
20°C. 


TABLE VI. Volatility at 20° C. 


MGM./CU. M 
Diphenyl cyanoarsine . . . : O17 
Diphenyl chloroarsine . ‘ : : 0°68 
Dichloroethyl sulphide ‘ ; F 625-00 
Benzyl bromide . ‘ »  2,400°00 
Teichloromethyi chloroformate . . 26,000-00 
Methyl dichloroarsine . . : » 74,400-00 
Chloropicrin . ; . P - 184,000-00 


As is seen from Table VI, the values vary over a wide range; while diphenyl chloroarsine at 20° C. has a volatility 
of only 0-68 mgm. per cu. m. of air, at the same temperature the volatility of chloropicrin is 184,000 mgm. per cu. 
m. of air. Because of these differences in volatility, the various war gases are used for different types of objective 
and applied by different methods. 

As already noted, the volatility of the war gases varies with temperature. Herbst has established the following 
approximate relationship between temperature and volatility: 

Between 10° and 30°C. an increase in temperature of 1°C. causes an increase in volatility of about 10%. 
Experimental values of the volatility of dichloroethyl sulfide between 15° and 25°C. are compared in the following 
table with values calculated from Herbst's rule: 


TABLE VII. Volatility of Dichloroethyl Sulphide 


TEMPERATURE VOLATILITY IN MGM./CU. M. 
°c. FOUND CALCULATED 
15 401 401 
16 439 441 
17 480 482 
18 525 528 
19 573 577 
20 625 630 
2I 682 687 
22 743 759 
23 810 817 
24 881 
25 958 969 


The increase in volatility caused by increase in temperature is very effective in bringing about useful effects from 
the offensive point of view, especially in the case of relatively involatile substances. 

3. Boiling Point 

The boiling point of a substance is that temperature at which its vapor tension attains the value of the atmospheric 
pressure, 

The lower the boiling point of a substance, the higher is its vapor tension and its volatility. 


TABLE VIII. Botling Points of some War Gases ai a 
Pressure of 760 mm. of Mercury 


Chlorine ‘ ; ; . : . —33°5 
Phosgene ‘ ‘ . : ; f 8-2 
Hydrocyanic acid. : F ‘ - 265 


Cyanogen bromide . A =~ OF 
Monochloromethy1 chloroformate ‘ . 107 
Chloropicrin . : ‘ ; « IZ 
Dichloroethyl sulphide 4 , ’ - a7 
Chloroacetophenone , ; : . 245 


The war gases have very varied boiling points, as is seen from Table VIII. This variation in the boiling points, 
together with the differences in physiopathological action, explains the variation between the types of employment, 
which the war gases find in warfare. Thus substances with a relatively low boiling point are employed in the field 
when a high gas concentration is required for a short time, while those with a rather high boiling point are used 
when a prolonged action is desired. 

According to Herbst, a knowledge of the boiling point of a substance enables deductions to be made regarding its 
volatility. 

In the following table volatilities at 20°C. are given corresponding with a series of boiling points. 


TABLE IX. Relation between Boiling Point and Volatility 


B.P, AT 760 MM, | VOLATILITY aT 20°/ B.P. AT 760 MM. | VOLATILITY aT 20° 
° 


c. MGM./CU.M. °c, MGM, /CU.M, 
300 3 Igo 2,000 
290 6 180 4,500 
280 12 170 9,000 
270 25 160 14,000 
260 50 150 21,000 
250 100 140 . 31,000 
240 200 130 46,000 
230 380 120 68,000 
220 630 IIo 100,000 
210 I,000 100 155,000 
200 1,550 


From these values, Herbst* deduces the following rule concerning the relation between boiling point and the 
volatility at 20° C. 

(a) For boiling points between 300° and 230° C, a diminution in boiling point of 10°C. corresponds to a doubling of 
the volatility. 

(b) For boiling points below 230°C, a diminution in boiling point of 10°C. corresponds to an increase in volatility 
of 1-5 to 1-6 times. 

The boiling point is an important characteristic of a war gas, not only because of its connection with vapor tension 
and therefore with the tactical aims attainable in wartare, but also because of its influence on the ease of storage 

and transport of the substance. A war gas whose boiling point is lower than ordinary temperatures, as, for example, 
phosgene, is difficult to pack and necessitates the use of refrigerating apparatus during transport in order to keep it 
below its boiling point. 

The preference of the Germans during the war of 1914-18 for employing trichloromethyl chloroformate 
(diphosgene) rather than phosgene was due to the difficulties of manipulating the latter gas, owing to its low boiling 
point. 

4, Melting Point 

The melting point of a substance is the temperature at which the solid and the liquid phases of the substance are in 
equilibrium. 


TABLE X. Melting Points of some War Gases 


a 8 
Chlorine. : : F i . — 102 
Chloropicrin ‘ ‘ F ‘ . — 69 
Trichloromethy] chloroformate r _—- 3» 
Hydrocyanic acid , . ‘ .- — 5 
Dichloroethyl sulphide , F . + 144 


Chloroacetophenone . : ‘ . + 58 
The melting point is an important factor in the use of a gas in warfare, for on it depends the practicability of its 
employment. 
It is easily understood that substances which are quite suitable for use with respect to their action in the vapor state 
cannot be efficiently employed in cold regions if they have a high melting point, without having recourse to special 
methods such as admixture with other substances so as to reduce the melting point. ‘Thus in the case of 
dichloroethyl sulfide, which in the pure state melts at about 14°C , a solution of this substance in chlorobenzene 
was widely used during the war. The melting points of mixtures of dichloroethyl sulfide (of 94-95% purity; m.p. 
13-4° C.) with chlorobenzene and with carbon tetrachloride in various proportions are given in the following table: 


| Carbon 


% Solvent Chlorobenzene tetrachloride 
mp. m.p 
o 134° 13°4° 
10 84° 9°b° 
20 6-4° 6-6° 
30 —1r-0° 31° 


As will be seen, chlorobenzene, which was more commonly employed for this purpose, forms mixtures whose 
melting points are lower than the corresponding mixtures containing carbon tetrachloride. 

5. Persistence 

The persistence is the time during which a substance can continue to exercise its action in an open space. 
Among the numerous factors which influence the persistence of a gas, the most important are the speed of 
evaporation of the substance, the temperature of the air and the chemical and physical nature of the ground. 
Leitner has proposed the following formula for calculating the persistence of a war gas: 


GQ A M,T 
c p MT, 


. . dn which: 


Sis the persistence of the substance. 

Cis the velocity of evaporation of the substance at absolute 
temperature T. 

C, is the velocity of evaporation of water at 15° C. 

p is the vapour tension of the substance at 7. 

py is the vapour tension of water at 15° C. = 12:7 mm. 

M isthe molecular weight of the substance, 

M, is the molecular weight of water = 18. 

Tis the absolute temperature of the air. 

T, is the absolute temperature corresponding to 15°C. 


This formula gives accurate values for the time which a substance takes to evaporate compared with the time taken 
by the same quantity of water at 15°C. in the same conditions. 

In the following table the values of the persistences of several war gases are given a ft various temperatures 
(persistence of water at 15°C. = 1) calculated according to Leitner's formula: 


TABLE XI. Persistences of some War Gases 


Temperature ° C, 


—10|/ —5 ° +5 |+ 10) +15] +20] +25] +30 

Phosgene . + | Q-014 | 0-012 }0-01 |o-008| — | — | — | — | — 
Chloropicrin . - | 1°j36 | 0-98 | 0-72 | 0°54 0-4} 0-3 | 0:23 | 0-18 | O14 
Trichloromethyl 

chloroformate . | 2:7 1:9 I'4 10 O7] O5|0-4 | 073 | o2 
Lewisite . . 96 631 | 421 | 28:5 | 196 ]1376/96 169 | 5 
Dichloroethyl 

sulphide (liquid). _ _ _ _- — | 103| 67] 44] 29 
Dichloroethy] 

sulphide (solid) , | 2,400] 1,210] 630] 333] 181 | — | —}|— | — 
Bromobenzyl 

cyanide . + | 6,930 | 4,110 | 2,490 | 1,530 | 960 | 610 | 395 | 260 | 173 


However, Nielson's work shows that these data have only an approximate value and indicate merely the order of 
magnitude of the persistence. Nielson observed, inter alia, that in Leitner's formula the time of evaporation of a 
substance is compared with that of water into a dry atmosphere, whereas in practice the atmosphere always 
contains a certain amount of water, which retards the velocity of evaporation. Nevertheless, the data for persistence 
obtained from Leitner's formula, though they have only an approximate value, are of interest from the practical 
point of view, for they allow values of the persistences of different gases to be compared. For example, from Table 
XI it is seen that the relative persistences of dichloroethyl sulfide and lewisite at 25°C. are as 44 is to 6-9, and this 
signifies that at this temperature dichloroethyl sulfide is about six times as persistent as lewisite. 

These values, it will be understood, indicate only the persistences independently of the atmospheric conditions, and 
of the stability of the substances to humidity, and to the physical structure and condition of the ground. 

With regard to the last factor, Leitner has specified that the values of the persistences given above refer to 
substances spread on "open flat land in dry weather." They may be doubled if the substance lies on "broken 
ground" and tripled if it is in "Wooded country." 


(C) CHEMICAL PROPERTIES 

The most important chemical properties to be considered in evaluating the practical possibilities of a substance for 
warfare are: 

1. Stability to Atmospheric and Chemical Agencies 

From the chemical point of view a war gas must be sufficiently resistant to the various agents into which it may 
come into contact in practice. It is especially important that it should be indifferent to atmospheric agencies. In the 
first place, all these substances must be indifferent to atmospheric oxygen. However, a large number are 
decomposed more or less rapidly by the action of atmospheric humidity, and almost all are decomposed in time by 
rain. 

Rona has made some experiments on the decomposition of war gases by water. He has demonstrated 
experimentally that some substances are rapidly decomposed by water (phosgene, dichloromethyl ether, etc.), 
others decompose slowly (dichloroethy] sulfide), others only very slowly (benzyl bromide, benzyl iodide, xylyl 
bromide, etc.), while some are practically unattacked (chloropicrin, chloroacetone, iodoacetone, etc.). 

Chlorovinyl dichloroarsine is rapidly hydrolyzed by water. 

According to Vedder this substance, though powerfully toxic, could not be efficiently used in open country because 
of its high velocity of hydrolysis. 

In general, oxygen-containing compounds are more stable than the corresponding sulfur-containing ones, according 
to Meyer, who adds that the stability increases with an increase in the length of a chain of carbon atoms. 

With respect to their employment in war a knowledge of the behavior of substances towards water is of great 
importance, particularly by rendering it possible to define the conditions of humidity in which a certain substance 
may be employed, especially in considering the length of time during which it is desired to maintain an area in the 
gassed condition. 

The sensitivity to water seriously complicates both the storage of war gases and their filling into projectiles. Those 
which are readily hydrolyzed need the employment of special precautions when they come into contact with air, 


which always contains water vapor, and when they are being filled into projectiles or storage containers, which 
must be quite dry internally. 

War gases must further possess a certain indifference towards the common chemical agents, as alkalies, acids, 
oxidants, etc. 

Chemical resistance contributes greatly to the aggressive value of a gas by making its destruction difficult. 

2. Stability on Storage 

Another type of stability required of a war gas is that it shall not undergo decomposition or polymerization during 
storage. 

The decomposition, which takes place in some substances, such as bromoacetone, hydrocyanic acid, etc., may be so 
inconvenient that the storage of such compounds is impossible. 

Polymerization usually results in the formation of substances of little or no toxicity, as happens, for example, in the 
case of acrolein. 

This form of alteration has raised the problem of stabilizers, that is, substances which when added in quite small 
quantity, preserve the aggressive properties of the gas. For some of these gases, as acrolein, hydrocyanic acid, etc., 
efficient stabilizers are known, while for others the problem is still being studied, and at present it is still 
impracticable to employ some substances which in other ways present great interest as potential war gases. 

3. Stability to Explosion 

From the tactical point of view a substance which is to be employed in projectiles must be stable to the heat and 
pressure generated by the explosion of the bursting charge. With regard to the stability to heating, the substance 
must be able to resist the rise in temperature resulting from the explosion of the charge in the projectile. This is of 
great importance and limits the number of useful war gases. Among the substances hitherto considered, 
bromobenzyl cyanide shows some sensitivity to a rise in temperature. 

Many others, including diphenyl chloroarsine, chloroacetophenone, etc., resist even high temperatures fairly well, 
while some, as chloropicrin, trichloromethyl chloroformate, etc., though decomposing with heat, have the 
advantage of producing equally toxic compounds in doing so. 

With regard to the resistance to the explosion pressure the insensitivity of war gases is another condition essential 
to their use in projectiles. Chloroacetophenone is practically completely insensitive. 

4. Absence of Attack on Metals 

The last requisite of a war gas is comparatively important: the absence of any attack on the material in which it is to 
be stored or used. Some war gases strongly attack the iron, which commonly forms the storage containers and 
projectiles; such are xylyl bromide, the incompletely chlorinated formates, bromobenzyl cyanide and a few others. 
This corrosive action necessitates the employment of special expedients, such 
(a) Protection of the metal walls of the container with layers of a substance, which is not attacked, such as shellac, 
enamel, tin, etc. 

(b) Employment of a supplementary container, which isolates the war gas from the walls of the container. 
(Containers of glass, lead, etc., are used.) 


CHAPTER II 

RELATION BETWEEN CHEMICAL 
STRUCTURE AND AGGRESSIVE 
ACTION 


THE employment of toxic substances as a military arm has added interest to the study of the relation between 
physiopathological action and chemical constitution, which started some years ago. 

This study, particularly important in the case of the war gases because of the guidance afforded in the discovery of 
new gases, has centered around the relation between their chemical structure and the type of action which they 
exert (lachrymatory, asphyxiant, sternutatory, etc.). 

The problem has always attracted intensive study and experiment, but owing to the short period during which this 
has been prosecuted, as well as the secrecy which has surrounded the results, it is not yet possible to state the 
general laws with any certainty. However, it will be of interest to give an account of the observations and 
hypotheses published on the influence of the structure of these substances, and in particular of the introduction of 
certain atoms or radicals, on the nature of the action exerted. 

The majority of the substances employed as war gases during the war of 1914-18 were organic. Among the 
inorganic compounds employed were chlorine, bromine, arsenic trichloride, etc. These, though having relatively 
little aggressive power, were used at the commencement of gas warfare chiefly because of the ease of their 
manufacture and the simplicity of their application. Various other inorganic substances, such as phosphine, arsine 
and stibine, although very toxic, have not been used as war gases because of their unsuitable physical properties. 
The organic compounds having aggressive action usually contain atoms of halogen, sulfur or arsenic or radicals 
such as —NO2, —CN, etc., in their molecules. It is to these atoms or radicals as well as to the molecular structure 
that the physiopathological action is nowadays attributed. 

1. Influence of Halogen Atoms 

The halogens themselves have a noxious action on the animal organism and this diminishes in intensity in passing 
from fluorine to iodine, that is, it is less the greater the atomic weight of the halogen; the tendency to combine with 
hydrogen also diminishes with increase in atomic weight. 

The introduction of halogen into the molecule confers aggressive properties which vary according to the nature of 
the halogen and the number of halogen atoms introduced. With regard to the influence of the nature of the halogen, 
it has been observed that the lachrymatory power of halogenated substances increases with increase of the atomic 
weight of the halogen present. 

Thus, bromoacetone is a more powerful lachrymatory than chloroacetone: 


Br—CH,—CO—CH, Lower limit of irritation 1 mgm./cu. m. 
CI—CH,—CO—CH, 5b y 5. 218: i 


Benzyl iodide has a lachrymatory action superior to that of the bromide: 
CgsH;—CH,I Lower limit of irritation 2 mgm./cu. m. 
C,H; CH,Br ” ” » 4 ” 


However, the truly toxic action varies inversely as the atomic weight of the halogen. Bromoacetone is less toxic 
than chloroacetone: 


Br—CH,—CO—CH, Mortality-product 4,000 
ClI—CH,—_CO—CH, T »» 3,000 


Dibromoethyl sulfide is less toxic than dichloroethyl sulfide: 


H,CH,B CH,CH,Cl 
(TH 2bT s( oF, 


CH,CH,Br CH,CH,Cl 
Mortality-product 10,000 Mortality-product 1,500 


In considering the influence of the number of halogen atoms present it is found that while one halogen atom confers 
predominantly lachrymatory properties on the molecule, an increase in the number of the halogen atoms diminishes 
the lachrymatory but increases the asphyxiant action. A typical example of this observation is the series of 
halogenated esters of formic acid. In this the first member, mono-chloromethyl chloroformate, has a predominantly 
lachrymatory action, while the last, trichloromethyl chloroformate, has an essentially asphyxiant action and 
practically no lachrymatory property. 


i Lower limit of irritation 2 mgm./cu. m. 
CI—-COOCHLC1 | Fimit of insupportability 50, 


Lower limit of irritation 5 mgm./cu. m. 
Cl—COocd, {Linit of insupportability 40 F 


Other examples occur in the series of chlorinated nitromethanes, in which it is found that the dichloro-derivative is 
less toxic than the trichloro-compound. 

This law is not, however, always applicable. With some substances, as dichloroethyl sulfide, diphenyl chloroarsine, 
etc., it is found that the introduction of further halogen atoms first diminishes and then destroys the aggressive 
properties of the original compound. 

The position occupied by the halogens in the molecule also has a notable influence on the aggressive properties. In 
the aliphatic series, it is found that compounds with the halogen atom in the beta-position, 


CH,—CO—CH,—CH,Cl and CI—CH,—CH,—CO—O.C,H, 
8 chloroethyl methy!] ketone and ethyl 8 chloropropionate 


. . are more powerful lachrymatories than their isomers which have the halogen in the a position, 


CH,—CO—CHCI—CH, and CH,—CHCI—CO —OC,H, 
a chloroethyl methyl ketone and ethyl a chloropropionate 


In the aromatic series it is observed that the introduction of a halogen atom into the side chain of a substance 
confers lachrymatory properties, while if it replaces a hydrogen atom from the benzene nucleus, a substance results 
which has no physiopathological properties. Thus, from toluene, benzyl bromide, 

CcoHs—CH;Br, is obtained in the first case. This has energetic lachrymatory properties, while bromotoluene, 
CoH4Br—CHs, has no toxic action. 

This difference in physiopathological properties is probably connected with a difference in the mobility of the 
halogen atom. 

It is noteworthy that if this is in the nucleus it is less easily removed than if it is in the side chain. 

The degree of mobility of the halogen atom has a great influence on the aggressivity of the substance. The halogen 
must not be bound in too labile a manner to the molecule, otherwise it will be attacked by atmospheric agencies or 
by the surface of the organism before the entire molecule has penetrated the cells. 

Neither may it be bound to the molecule in too stable a manner, otherwise the substance will be practically inert, 
for the atom will not even be detached in the interior of the organism. 

2. Influence of the Sulfur Atom 

Sulfur is not generally considered as a toxic element in the same way as are the halogens. Nevertheless, its presence 
seems to confer on a substance the capability of penetrating the epidermis, which explains the actual aggressive 
properties of such compounds. 

An example of this observation is found in a comparison of substances containing a sulfur atom with their 


CH,-CH,Cl 
s < 2 2 


tee CH,-CH,CI. 
analogues which contain oxygen. For example, dichloroethy] sulfide (mustard gas) isa 
H,-CH.Cl 
1¢) 


ewes ree CH,-CH,Cl 
powerful vesicant, while the corresponding oxide, dichloroethyl ether, has no such 
properties. 
Comparatively few war gases contain sulfur in their molecules. 
It is generally observed that the degree of toxicity of the sulfur compounds varies with the valency of the sulfur 
atom and with the nature of the radicals with which the sulfur is united. 


Among the sulfur compounds those of the type R2S (divalent sulfur) are more toxic than those of the type R280 
(tetravalent sulfur) and far more than those of the type R2SO) (hexavalent sulfur). That is, the higher the valency of 
the sulfur atom, the lower the toxicity of the substance. Some studies have been carried out showing the relation 
between the decrease in toxicity observed when the sulfur atom in the molecule passes from the divalent to the 
hexavalent state, and the variation in physical properties, more especially the diminished solubility in lipoids. 
Those compounds in which the sulfur has a specific function also contain halogen atoms. Such are, for instance, 
dichloroethyl sulfide, dibromoethy! sulfide, etc. 

Little is known regarding the influence on the aggressive properties of a substance of the introduction of a sulfur 
atom. 

In the particular case of the derivatives of dichloroethyl sulfide, it has been observed that an increase in the number 
of sulfur atoms in the molecule does not notably diminish the vesicatory properties. Dichloroethyl disulfide, e.g., 


SCH, CH, cl 
S-CH,-CH, Cl 


has a vesicatory power only one-third less than that of dichloroethyl sulfide. 


3. Influence of the Arsenic Atom 
The arsenic atom also imparts toxic properties to a higher degree than the sulfur atom. It is a general rule that 
substances containing a trivalent arsenic atom have a considerably greater physiopathological action than those 
containing a pentavalent arsenic atom. 
The arsenical war gases contain halogen atoms or organic radicals such as —CN, —SCN, etc., besides the arsenic 
atom. 
The nature of the aggressive action depends on the number and the nature of the organic radicals with which the 
arsenic atom is linked. 
In general, arsenical compounds have an aggressive action when two of the three valences of the arsenic atom are 
linked to like atoms or groups and the third to a different atom or radical. 
If all the three valences of the arsenic atom are linked to similar atoms or radicals the compound has practically no 
aggressive action. Thus in the series of chlorovinyl arsines, it has been found that trichlorovinyl arsine has 
practically no aggressive action compared with chlorovinyl-chloroarsine or dichlorovinyl chloroarsine: 

nel CSACHO, /cH-CHG 

H= H=CHCL 
Ne ae 


ASN CH CHCl 
trichlorovinyl a dichloroviny] 
arsine dichloroarsine chloroarsine 


In the series of aromatic arsines there is a great difference in aggressive action between triphenyl arsine, phenyl 
dichloroarsine and diphenyl chloroarsine. 


C,H C,H, C,H 
AsLGH: asf * As-GH, 
CH \e 


tripheny] phenyl! diphenyl 
arsine dichloroarsine chloroarsine 

In particular it may be observed that: 
(a) When the arsenic atom is linked to an unsaturated radical, the substance has a predominantly vesicatory action, 
as in the vinyl chloroarsines, the styryl chloroarsines, etc. This physiopathological action decreases with increase in 
the number of organic radicals linked to the arsenic atom. Thus, substances with a single organic radical have a 
more powerful vesicatory action than those with two or more organic radicals. A typical example of this 
observation is found in the chlorovinyl arsine series, for chlorovinyl dichloroarsine has a greater vesicatory action 
than dichloroviny! chloroarsine. 
(6) When the arsenic atom is linked to an alkyl or phenyl group, substances with a predominantly irritant action are 
obtained. This physiopathological action is accentuated in compounds containing two such radicals linked to the 
arsenic atom: 


(CgH;),AsCl Diphenyl chloroarsine: Limit of insupportability, 
I mgm./cu. m. 


C,H,AsCl, Phenyl dichloroarsine: Limit of insupportability, 
16 mgm./cu. m. 
. . and in compounds containing the phenyl radical rather than an alkyl radical: 
CgH,AsCl, = Phenyl dichloroarsine: Limit of insupportability, 
16 mgm./cu. m. 


CH,AsCl, Methyl dichloroarsine: Limit of insupportability, 
25 mgm./cu. m. 
(c) Arsenic compounds containing ethyl radicals are more toxic than the corresponding compounds containing 
methyl radicals. 
Thus the derivatives of ethyl arsine (the oxide, chloride, etc.) have a greater toxic action than the corresponding 
compounds of methyl arsine: 


C,H,AsCl, Ethyl dichloroarsine: Limit of insupportability, 
Io mgm./cu. m. 


CH,AsCl, Methyl dichloroarsine : Limit of insupportability, 
25 mgm./cu. m. 

(d) The substitution of the phenyl radical by one of its higher homologues reduces the aggressive action of the 
resulting compound. For example, ditolyl chloroarsine is less irritant in its action than diphenyl chloroarsine. 
The presence of halogen atoms in the molecules of organic arsenicals usually confers irritant properties. Among 
these halogen compounds, those containing chlorine have a superior irritant power to the analogous bromine and 
iodine compounds, e.g., diphenyl chloroarsine has a greater irritant power than diphenyl iodoarsine. 
An increase in toxic power is also found in organic compounds whose molecules contain a cyanide radical: thus 
diphenyl cyanoarsine is more irritant than diphenyl chloroarsine: 


(CgH,)2AsCN Limit of insupportability, 0:25 mgm./cu. m. 
(CgH,),AsCl » ” I ” 


4. Influence of the Nitro Group 

The aggressive properties conferred on a substance by the introduction of the —NO, group depend on whether the 
group combines through an oxygen or a carbon atom, that is, whether a nitrate or a nitro compound is produced. 
The nitrates have not been used as war gases, but very efficient agents are included among the nitro derivatives, 
e.g., trichloro nitromethane (chloropicrin), tribromo nitromethane, etc. 

In particular the introduction of the NO2 group confers lachrymatory properties or increases any such tendency if it 
is originally present in the molecule. 

Typical examples of this are found among the nitro derivatives of the benzene halides: o-nitro benzyl chloride has a 
much more powerful lachrymatory action than benzyl chloride or than the corresponding bromide or iodide. 


CgH;CH,Cl Benzyl chloride : Lower limit of irritation, 77 
mgm./cu. m, 

C,H;CH,Br Benzyl bromide: Lower limit of irritation, 4 
mgm./cu. m, 


CgH,(NO,)CH,Cl o-Nitro benzyl chloride: Lower limit of irrita- 
tion, 1:8 mgm./cu. m. 


With an increase in the number of NO2 groups the augmentation of the lachrymatory properties is sometimes found 
to be very great. Such is the case with tetrachloro dinitroethane, which is eight times as powerful a lachrymator as 
trichloro nitromethane. 

According to Nekrassov, and Hackmann, the introduction of the NO2 group into the molecule of an aromatic 
compound confers vesicatory properties, or increases any which the substance already possesses. 

The influence of the NOH group on the toxic properties of substances has only recently been studied, derivatives of 
carbonyl chloride such as dichloro- and dibromo-formoxime being examined. 


Tt seems that the NOH group causes accentuation of aggressive properties, in particular conferring “orticant" action 
(i.e., causing skin irritation). 

5. Influence of the —CN Group 

To the CN group two different structures are attributed: one, —C=N, the nitrile, the other —N=C, the isonitrile 
grouping. 

It has been observed that compounds containing the isonitrile group have more powerful toxic properties than those 
containing the nitrile. This difference in biological properties can be compared with the greater facility with which 
compounds containing the isonitrile radical liberate hydrocyanic acid. 

The presence of a second CN group generally diminishes the aggressive properties of a substance, and the presence 
in the same molecule of the —CN group and of other atoms such as halogens, while reducing the toxic action of the 
substance, confers highly lachrymatory properties. For example, cyanogen bromide and iodide are much less toxic 
than hydrocyanic acid but are powerful lachrymators. The same rule applies in the case of such aromatic 
derivatives as bromobenzyl cyanide, chlorobenzyl cyanide, etc. 

6. Influence of Molecular Structure 

According to various observations, the aggressive action of a substance depends not only on the presence of 
particular atoms or radicals in the molecule, but also on the molecular structure, and in particular on 

(a) The presence of unsaturated bonds, and 

(b) The molecular symmetry. 

Influence of Unsaturated Bonds. The presence of unsaturated bonds in the molecule usually involves an increase 
in the physiopathological properties. This observation was made by Loew in 1893. 

Among the war gases various examples occur of the influence of the unsaturated bond. Thus, acrolein CH2=CH— 
CHO, has strongly irritant properties, while the corresponding saturated aldehyde, propionaldehyde, CH;—CH»— 
CHO is innocuous. 

Similarly, beta-chlorovinyl dichloroarsine, CL-CH=CH—AsCh), is a powerful vesicant, while the corresponding 
saturated compound, beta-chloroethyl dichloroarsine, CI—CH2:—CH2—AsCl, has only weak vesicatory 
properties. 

Other examples may be found among the mono- and dihalogenated acetylenes, such as diiodo- and dibromo- 
acetylene, C=C and CBr2=C, which have more interesting physiopathological properties than the halogenated 
paraffin hydrocarbons. 

Influence of Molecular Symmetry. The spatial arrangement of the functional groups in a molecule has a definite 
influence on the degree of its toxicity. It has been observed that substances with symmetrical molecules generally 
have a more powerful aggressive action than asymmetrical substances. Thus, symmetrical-dichloroacetone, 


CH,-Cl 
co 
bac 


.. -has great irritant powers, while asymmetrical dichloroacetone, 


.. ds almost completely lacking in irritant properties. 
Another example occurs in the series of halogenated methyl ethers. When the halogens occupy a symmetrical 


é Ce 


position, as in sym. dichloromethyl ether, : the substance has a much more energetic lachrymatory 
action than that in which the chlorine atoms are asymmetrically placed, i.c., in asym. dichloromethyl ether, 


CH; 
Oia 


7. Theories of General Nature 

General theories concerning the relation between chemical structure and physiopathological action have been 
elaborated with especial reference to the war gases. From among the many published, an account is given here of 
two: Meyer's Theory and the " Toxophor-Auxotox " Theory. 

Meyer's Theory. According to this theory, the physiopathological action of war gases is attributed to certain atoms 
or radicals which have a tendency to react easily with other substances by addition. This classification on the basis 
of their ease of reaction should be determined by their combination with the various biological entities or tissues (as 
the blood, the nerve cells, the respiratory epithelia, etc.) which undergo specific and characteristic alterations. 

To one group belong, for example, the halogen atoms, as the chlorine in phosgene, cyanogen chloride and the 
chlorovinyl chloroarsines; the bromine in ethyl bromoacetate, cyanogen bromide, etc. These atoms are linked in a 
very labile manner to the remainder of the molecule and react easily with water and other substances. Also the 
oxygen atom is highly reactive when in the vicinity of a halogen in the halogenated aldehydes, esters and ethers, 
such as dichloromethyl ether, trichloromethyl chloroformate, etc. 

The radicals which react most easily are the NO.— group in ortho-nitro benzyl chloride and bromide, the CO— 
group in the halogenated ketones and the CN— group in bromobenzyl cyanide and diphenyl cyanoarsine, etc. All 
these radicals, which are notable for their reactivity with water or other substances, confer a certain degree of 
toxicity by their presence in the molecule. However, on considering the structure of the molecules of the war gases, 
it is seen that while some of these contain atoms or radicals of great reactivity, others are distinguished by an 
unusual resistance to chemical reagents yet possess a high degree of aggressiveness. 

In such cases, Meyer suggests, the aggressive action may be attributed to the capacity of the entire molecule of 
forming additive compounds with vital constituents of the organism. 

Toxophor-Auxotox Theory. The theory of toxophors and auxotoxes, first elaborated by Ehrlich for toxic substances 
and later applied by Nekrassov to the war gases, attributes the physiopathological properties of these substances to 
special atoms or radicals in a similar manner to Witt's theory regarding the color of organic substances. 

Witt's theory of colored substances may be summarized as follows: the presence of color in a substance depends on 
the presence of certain atomic groupings called "chromophores." 

For instance, the —N=N— group characteristic of the azoic colors, the —NO> group, the =C=O group, ete. It is to 
the presence of these groups that the more or less intense coloration of a compound is due. But in order that a 
colored substance may be capable of being fixed on animal or vegetable fibers, it must have in the molecule not 
only chromophoric groups, but also contain other groups, called "auxochromes" which give it the capability of 
combining intimately with the fiber. Typical auxochromic groups are: NHo, OH, etc. 

The war gases, according to Nekrassov, have structures analogous to those of colored substances. By examining the 
chemical structures of the war gases, certain atomic groups are found which confer on substances the potentiality of 
becoming war gases, in the same way as Witt found certain groupings common to colored substances. The 
groupings found in war gases are called "toxophors." Such are, for example: 


oO 
>CO;: S< ; >C=Ce< ; “NCO -N=C ; -As< ; etc. 


There also exist other groups capable of communicating the characteristic toxic functions of the toxophoric group, 
that is, of transforming into actuality the latent capacity of the toxophor group. These groups are named 
"auxotoxes," and may be either: atoms: halogens, oxygen, etc. or atomic groups: —NH), benzyl, phenyl, methyl. 
ethyl radicals, etc. 

With the aid of this theory it is explained that just as in colored substances the introduction of some auxochromic 
groups changes the color of the substances, so in the war gases the presence of certain autotoxes can alter the type 
of biological action. Thus, for example, halogen introduced into the hydrocyanic acid molecule reduces the toxicity 
of the toxophor, —CN, and confers on the product lachrymatory properties. 

Also, the auxotoxic groups in the war gases, like the auxochromes in colored substances, differ in their effect 
according to their positions in the molecules. Thus the halogens differ in their influence according to whether they 
are in a methyl or an ethyl group, at the end or the beginning of a side-chain. It is easily seen that a halogen atom 
distant from the end of a side-chain has little influence on the aggressive power. 


H Br -CH, 
Hy 


alpha-bromoethyl methyl ketone is less lachrymatory in action than, 


r (Saccres 
CH, 


beta-bromoethyl methyl ketone. 


CHCI-CH, 


Similarly, ox’ -dichloroethyl sulfide HCl CH, has only slight aggressive power, while Bp’ - 
dichloroethyl sulfide (mustard gas) has an aggressive action, which is well known. 

However, Nekrassov's theory cannot be applied so generally to the war gases as Witt's to colored substances. 

In some cases there are actually strongly marked differences. 

Thus in the colored substances the auxochrome group brings out the latent color-potentiality of the chromophore 
group and so makes coloration possible, while in the war gases the auxotox group merely develops the 
characteristic property of the toxophor group. On the other hand, the merest glance at the chemical structures of the 
war gases will show that the auxo group may function either positively or negatively. That is, on its presence 
depends the increase or the decrease, or sometimes even the destruction of the toxicity of the substance (e.g., the 
introduction of alcoholic, sulphonic groups, etc.). 

In colored substances, increase in molecular complexity leads not to a decrease of the color, but to its 
strengthening, while it is observed that an increase in the number of toxophors or auxotoxes in the molecule does 
not increase the toxicity. Typical is the case of BB'-dichloroethyl sulfide in which the introduction of more chlorine 
atoms into the molecule produces the tetra- and hexachloro- compounds whose aggressive action is practically nil. 
Furthermore, this theory, like that of Meyer already described, though having many interesting aspects, does not 
sufficiently explain the behavior of some of the war gases. 
Many gaps still exist in this field of study. The many discussions and the various theories put forward show merely 
the efforts, which have been made to solve this important problem. 

Tt must be concluded that only after a long series of studies and experiments will it be possible to enunciate general 
and precise laws on the relation between chemical constitution and the aggressive action of the war gases. These 
laws, besides supplying a profound knowledge of the science of war gases, will be invaluable in preparing new 
substances of greater value in warfare. 


CHAPTER II 
CLASSIFICATION OF THE WAR GASES 


THE classification of the war gases is particularly difficult because of the many aspects, which these substances, 
some similar to one another, some completely different, present. The number of methods of classification which 
have been proposed are an indication of this difficulty. 

Without entering into unnecessary detail, a few of the more important classifications in use at present will be given, 
with especial emphasis on the chemical nature of the gases. 

1. Physical Classification 

The physical classification of the war gases has often been proposed by taking as criterion either their state of 
aggregation, or their boiling point. 

The method of classification most used to-day is based on their state of aggregation at ordinary temperatures. 
According to this classification the war gases are divided as follows into three groups: Gaseous. Chlorine, 
phosgene, etc. Liquid. Bromine, chloropicrin, dichloroethyl sulfide (mustard gas), ete. 

Solid. Diphenyl chloroarsine, diphenyl cyanoarsine, chloroacetophenone, etc. 

This classification is altogether too crude, uniting in one and the same group very varied substances which have 
only a single quality in common—one which is not generally considered to be the most important. Moreover, the 
one criterion of the classification is influenced by temperature, so that by normal temperature changes of the air a 
substance may pass from one group to the other, for example, dichloroethyl sulfide from liquid to solid, phosgene 
from gas to liquid. 

2. Tactical Classification 

This classification is based on the criterion of the tactical employment of the war gases. From this viewpoint they 
are divided into two groups: 

Non-persistent Gases. Including substances which diffuse into the air in a short time, losing some of their toxic 
concentration: chlorine, phosgene, hydrocyanic acid, etc. 
Persistent Gases. Including substances which vaporize only slowly and remain on the ground for long periods in 
the liquid or solid state, still retaining their aggressive power: dichloroethyl sulfide, etc. 

This classification also lacks neatness and precision, for the place of some substances in it is doubtful. It is 
proposed nowadays to add a third intermediate group, to include substances whose vapor tension lies between the 
gases of the first group and those of the second. This third group has been termed that of the " Semi-persistent 
Gases." 
Another tactical classification which may be mentioned is one largely employed in text-books on chemical warfare 
he gases are divided into the following four 


tract: phosgene, trichloromethyl chloroformate (diphosgene), chloropicrin, etc. 

Yellow Cross Gases. This includes substances with a low vapor tension and high toxic and vesicatory power : 
dichloroethyl sulfide (mustard gas), chlorovinyl dichloroarsine (lewisite), etc. 

Blue Cross Gases. This includes solid substances with low volatility and great irritant power: diphenyl chloroarsine, 
diphenyl cyanoarsine, etc. 

White Cross Gases. This includes the powerful lachrymators: bromoacetone, chloroacetophenone, ete. 

3. Physiopathological Classification 

This classification is based on the most characteristic action of each war gas on the living organism. Various 
classifications have been made on this basis (German, English, American, etc.). 

The usual method is to divide the gases into the following classes: 


(A) THE TOXIC SUFFOCANTS (OR LUNG IRRITANTS). These include those gases, which act principally 
on the respiratory tract: chlorine, phosgene, chloropicrin, etc. 

(B) THE VESICANTS. These include those substances whose characteristic action is to produce blisters on the 
skin: dichloroethyl sulfide, chlorovinyl dichloroarsine, etc. 

(C) THE IRRITANTS. These include substances having lachrymatory power: benzyl chloride and bromide, and 
those causing sneezing (the sternutatories) : diphenyl chloroarsine, etc. 

(D) THE TOXIC GASES. These include those gases acting particularly on the blood, as carbon monoxide, or on 
the nervous system, like hydrocyanic acid, etc. 


The physiopathological classification of the war gases, though used very widely, is even less exact than the others 
mentioned. 

In point of fact the biological action of these substances is extremely complex and in certain concentrations a gas 
may change its action to that of another group. 

In order to classify these substances accurately on this basis the new tendency to day is to regroup them according 
to the actual mechanism of their action on the human organism. In this,, however, there is still so much work to be 
done that with regard to a great many substances practically nothing is known. 

4, Chemical Classification 

Classification of the war gases according to the characteristic chemical groups in their molecules has been almost 
completely neglected. It is only by taking the chemical characteristics of the substances as the sole criterion that it 
will be possible to elaborate a precise and complete classification of the war gases, and these chemical 
characteristics must be quite definite both as to the nature and the number of atoms in the molecule. 

The first attempts at a chemical classification of the war gases were those of Chugaev in 1918 and of Zitovic. These 
classifications are, however, merely schematic and are particularly lacking in precise and distinctive characteristics. 
Later, other chemical classifications were proposed, and two of these will be outlined here—that of Jankovsky and 
that of Engel. 

(a) Jankovsky's Classification. In 1925 Jankovsky proposed a completely new classification, founding it on a study, 
then in its infancy, of the relationship between the chemical constitution and the aggressive action of the war gases. 
It was based on the theory of toxophoric and auxotoxic groups, which has been described in the preceding chapter. 
In this classification the war gases are grouped according to the toxophoric group present in their molecules, being 
divided in this way into the following six classes: 


CLASS I 
Toxophoric Group. Chlorine, bromine, iodine, etc. Auxotoxic Group. Phenyl, benzyl, etc. 


Includes : Benzyl chloride. ; . CgH,—CH,Cl 
Benzyl bromide . ‘ . CsH;—CH,Br 
Benzyliodide . ; . CgH,—CH,I 
o-Nitrobenzyl chloride CgH,—(NO,)CH,Cl 
Dichloromethyl ether . . CICH,—O—CH,Cl 
Dibromomethyl ether . . BrCH,—O—CH,Br 


CLASS II 
Group. Unsaturated oxides. 
Includes : Carbon monoxide , . Co 
Sulphur dioxide . ; . SO, 
Nitrogen oxides . ‘ . NO; NO; N,O, 
CLASS II 


Toxophoric Group. CO. 
Auxotoxic Group. Halogens, or double bonds. 


Includes : Chloroacetone.. ; . CH,;—CO—CH,Cl 
Bromoacetone. . . CH,;—CO—CH,Br 
Bromomethyl ethyl ketone . C,H,—CO—CH,Br 
Chloroacetophenone . . CgH,—CO—CH,Cl 
Ethyl chloroacetate  . . CICH,—COO—C,H, 
Phosgene . . F . COCl, 

Acrolein ; ; . CH,=CH—CHO 


CLASS IV 

Toxophoric Group. $; S=O; O=S=O. 

Auxotoxic Group. Halogens, methyl, ect. 

Includes : Perchloromethyl mercaptan . CCl,—S—C] 

Dichloroethyl sulphide . : S(CH, —CH. sO), 
Dibromoethy] sulphide . . S(CH, fe, ae Br). 
Sulphoxides - . O=SR, 
Sulphones . ; . O=SR,=O0 
itsters of sulphuric acid. . O=S(OR),=O 

CLASS V 

Toxophoric Group. —C=N; —N=C; —NO>. 

Auxotoxic Group. Halogens, benzyl, ect. 


Includes : Hydrocyanic acid ; . HCN 


Cyanogen chloride F . CNCl 
Bromobenzyl cyanide . . CgH;—CH(CN)Br 
Chloropicrin s ct —NO, 


Tetrachloro dinitroethane (ccl,—NO,), 


CLASS VI 
Toxophoric Group. —As = . 
Auxotoxic Group. Methyl, ethyl, vinyl, phenyl. 


Includes : Methyl dichloroarsine . . CHgAsCl, 
Ethyl dichloroarsine_. . C,H;AsCl, 
Diphenyl chloroarsine . .  (CgH5)gAsCl 
Diphenyl cyanoarsine . . (CgHs),A4sCN 
Phenarsazine chloride . . NH(C,H,),AsCl 


(b) Engel's Classification. Another chemical classification of war gases is that proposed recently by Engel. It is an 
improved version of that published by him in 1928, and divides the war gases into eight groups (see Table XII). 
These correspond to eight of the simplest organic types of compounds, arranged according to their differing 
oxygen-content: hydrocarbons, alcohols, ethers, aldehydes and ketones, acids, esters, amines, arsines. The two last 
types—the amines and the arsines—may be considered as hydrocarbons in which a hydrogen atom is substituted by 
an NH group or an AsH2 group respectively. 

Each of these groups of substances may be sub-divided into four series: The first three of these comprise the 
aliphatic compounds derived from methane (series 1), ethane (series Il) and propane (series LI). The fourth series 
comprises the aromatic compounds derived from benzene and its homologues. 

All the war gases have not been included in Table XII, but only the most important. Those not included may be- 
easily classified into their proper groups. Acrolein, for instance, in the aldehyde group, lewisite and diphenyl 
cyanoarsine in that of the arsines, methyl cyanoformate and methyl chloroformate in that of the esters. 

According to Engel this classification allows for the allocation of gases, which have never yet been employed in 
warfare. Stibine and phosphine, for example, may be considered as arsines in which the arsenic atom has been 
substituted by that of antimony or phosphorus ; similarly dichloroethyl selenide and telluride may be considered as 
ethers in which the oxygen atom has been replaced by that of selenium or tellurium. 

This and other classifications of war gases will not be considered further. 

It is possible to arrange the war gases in the chronological order in which they were first used in the war of 1914- 
18. This is the order employed in Table XIV at the end of this book, where the physical, chemical and 
physiopathological properties of the principal war gases are summarized. In the text, however, it is considered more 
convenient to catalogue them according to chemical relationships and similarity of structure. 
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CHAPTER IV 
THE HALOGENS 


1. Chlorine. Cls. (M.Wt.709) 

CHLORINE may be considered as the only substance, which has been used in the elementary state as a war gas. 

Its asphyxiating properties have been recognized ever since it was discovered in 1774 by Karl Wilhelm Scheele. 

Its use in war was due to its conforming to the principles of gas warfare: its ease of production, its low cost and also 
its high specific gravity, an important characteristic in the forcing of gases by the wind into the zone to be gassed. It 
is more useful than other agents for employment in wave-attacks. Later it lost much of its offensive importance, 
especially when very simple defensive means were found against it and when the method of wave-attack was 
replaced by the use of gas projectiles. However, this element still retains much interest as it forms the most 
important raw material for the preparation of other war gases. 

As the various methods of preparing this element are generally known and will be found in the inorganic chemistry 
text-books, it is considered unnecessary to spend time describing them here. 

Those physical and chemical properties which have considerable interest in chemical warfare will be considered 
instead. 


PHYSICAL AND CHEMICAL PROPERTIES 

Chlorine is a yellowish-green gas with an irritating and characteristic odor. 

Under normal conditions of temperature and pressure (0° C. and 760 mm.) a liter of chlorine weighs 3.22 gm., and 
its density compared with that of air is therefore 2.49 (= 3-22 : 1-293). 

Because of this high density a cloud of chlorine rises slowly, clinging to the earth until an air current blows it away 
or dilutes it. 

Chlorine is fairly easily liquefiable; at ordinary temperatures it can be liquefied by a pressure of 6-8 atmospheres, 
while at normal pressure it liquefies at -40° C. 

The critical temperature of chlorine, i.e., the temperature above which it cannot be liquefied whatever pressure is 
applied, is 146° C. The critical pressure, i.e., the pressure necessary to liquefy chlorine at the critical temperature, is 
93-5 atmospheres. 

Liquid chlorine is green with a tinge of yellow and is very mobile. It boils at ordinary pressure at —33.6° C. The 
value of the vapor tension of liquid chlorine at different temperatures is given in the following table: 


TEMPERATURE VAPOUR TENSION 
*'c. ATMOSPHERES 
— 20 18 
— 10 2°63 
te) 3°66 
ro 4°95 
20 6-62 
30 8:75 
40 II‘5 
100 41-7 


From this table it is seen that the pressure in a cylinder of liquid chlorine at 20° C. is 6-62 atmospheres. 

Liquid chlorine has a somewhat high coefficient of expansion: at 0° C. it is 0.00187; at 20°C., 0.00212, and at 
50°C, 0.00259. 

From this it may be calculated that while | kg. of liquid chlorine at —35°C. occupies 641.5 ml., at 60°C., it has a 
volume of 782 ml., that is, it increases 21-9% in volume. 


The specific gravity of liquid chlorine at various temperatures is as follows: 


TEMPERATURE 
ct of S.G, 
65 1'5589 
oO I°4685 
20 I-4108 
30 1-3799 
60 1-2789 


One liter of liquid chlorine gives 463.8 liters of gaseous chlorine at 0° C. and 760 mm. The latent heat of 
vaporization of liquid chlorine at 0° C. is 62.7 calories. 

Chlorine on cooling to -102° C. solidifies to a yellow crystalline solid. 

It is soluble in water; at 760 mm. and the temperature stated, 1 liter of water dissolves the following quantities of 
chlorine: 


aEMP lee be aa 960308., GM. CHLORINE 
ro 3,095 9°97 
15 2,635 8-48 
20 2,260 9°27 
25 1,985 6-39 


30 1,769 5°69 


The solution obtained has a yellowish-green color and is termed chlorine water. By cooling this solution to -8°C. a 
crystalline hydrate of the following composition Cl — 8H2O separates; on heating, it again decomposes. 

Chlorine also dissolves easily in carbon tetrachloride (at 13°C. to the extent of 10% by weight), in sulfuryl chloride, 
in tetrachloroethane and in pentachloroethane. 

Chemically, chlorine is one of the most active elements and combines directly with almost all simple bodies. 

It combines with hydrogen under the influence of light and heat, and reacts energetically with most of the non- 
metals forming the respective chlorides. By this method arsenic trichloride may be prepared and this is employed in 
the preparation of the chloro vinyl arsines (Perkins's method) and diphenyl chloroarsine (Michaelis's method). 
Sulfur chloride is prepared similarly, and this is employed in the preparation of dichloroethyl sulfide by Guthrie's 
method. 

Chlorine combines also with almost all metals. Potassium placed in chlorine gas inflames with evolution of heat. 
Mercury combines at ordinary temperature. Chlorine has no action on other metals if it is perfectly dry, but reacts 
vigorously in the presence of moisture or on heating with sodium, calcium, magnesium, aluminum and tin 
(especially if finely divided), but only slowly with silver, gold and platinum. Among these compounds of chlorine 
with metals, aluminum trichloride is important for its use in the syntheses, in industry as well as in the laboratory, 
of many substances of application in war, as chloroacetophenone, the chlorovinyl arsines, etc. 

Chlorine can also combine directly with certain compounds, such as the addition to sulfur dioxide and to carbon 
monoxide to form sulfuryl chloride and carbonyl chloride (phosgene) respectively. The latter has wide application 
as a war gas. 

Other additive reactions take place with the unsaturated hydrocarbons, such as that with ethylene to form ethylene 
dichloride: 


CH, + Cl, = C,H,Cl,. 


Chlorine does not usually react in this manner however. 

More frequently the mode of reaction is of a different type. 

Thus with binary hydrogen compounds it reacts combining with the hydrogen and freeing the other element. For 
example, bromine and iodine are respectively liberated from hydrobromic and hydriodic acids. 

Water is also decomposed with liberation of oxygen: 


Cl, + HOH = 2HCl + 0. 


This reaction is reversible and arrives at a state of equilibrium. 

In this condition decomposition is very slow, becoming almost instantaneous, however, in the presence of easily 
oxidizable bodies. 

Chlorine reacts similarly with a large number of metallic oxides, forming the metal chloride and evolving oxygen. 
In presence of water and of soluble metallic oxides, oxygen is not formed, but unites with the chlorine to form salts 
of the oxygenated acids of chlorine (hypochlorites or chlorates). 

If chlorine is bubbled through a cold, dilute solution of an alkali hydroxide, chloride and hypochlorite are formed, 
as, for example, with sodium hydroxide: 


Cl, + 2NaOH = NaClO + NaCl + H,0. 


This mixture is known as "Labarraque Water." The corresponding product obtained from potash is "Javel Water." 
With lime, however, there results a compound to which the following formula is generally given: 


Cl 
“( 
Cl 


. ..Which is the familiar "chloride of lime." This compound is somewhat unstable and has an oxidizing and 
chlorinating action. 

Because of this property, chloride of lime is used as a disinfectant, and especially for the destruction of several of 
the war gases. 

Chlorine irritates the respiratory tract in a concentration of 3.6 parts per million of air (= 10 mgm./ cu. m.). The 
limit of insupportability, i.e., the highest concentration which a normal man can breathe for | minute is 100 mgm. 
per cu. m. of air. 

Haber's product of mortality, or lethal index, i.e., the product of the concentration of chlorine in the inhaled air 
(expressed in mgm. per cu. m.) by the duration of its action (expressed in minutes) to cause the death of animals, is 
7,500 for cats according to Flury, and 56,000 for dogs according to Prentiss. 


2. Bromine. Br. (M.Wt. 15984) 

In the war of 1914-18 this element had a very limited use as a war gas. It was only used together with chlorine in 
order to increase the persistence of the latter, but according to some authorities could be used alone if carried in 
special bombs. 

Bromine was discovered in 1826 by Balard, who extracted it from saline mother-liquors. It has since been obtained 
also from the ash of algae, but nowadays is obtained almost exclusively from the Stassfurt salt deposits and from 
saline mother-liquors. 


PREPARATION 

Only the more important methods of preparation of this clement will be given. In the laboratory bromine may be 
prepared by heating sodium bromide with sulfuric acid and manganese dioxide: 2NaBr + MnO + 3H2SO4 = 
MnSO, + 2NaHSO, + 2120 + Br. 

But more usually it is preferable to purify commercial bromine for use. This is carried out by washing the bromine 
repeatedly with water, 1 then dissolving it in a concentrated solution of calcium bromide and reprecipitating it from 
this with excess of water. Bromine is thus obtained free from chlorine and may be dried over calcium bromide and 
oxide, shaken with phosphoric anhydride and then distilled in a current of carbon dioxide. 


INDUSTRIAL MANUFACTURE 

The bromine industry has grown considerably in recent years with the utilization of that in the mother-liquors from 
the Stassfurt salts in Germany and of that in saline mother-liquors in America. 

The method used in Germany (Pfeiffer process) is based essentially on the following: 

The mother-liquors from washing the salts, in which bromine exists in the form of bromides, is sprayed in the form 
of a fine rain from the top of a tower filled with fragments of a refractory material, while into the bottom of the 
tower is led a current of chlorine and water vapor. By this means bromine is displaced from the bromide. The liquid 
which collects at the bottom of the tower is rich in bromine and passes into another vessel where it is distilled by 
means of superheated steam. The bromine which is vaporized passes from the top of the tower into a lead vessel 
where it is purified from the chlorine it contains by heating. 

In America bromine is obtained by treating the saline mother-liquors with dilute sulfuric acid and then adding to 
the previously concentrated liquid, manganese dioxide and sulfuric acid. The mixture is then distilled, when the 
bromine passes over together with water and a little bromine chloride. 


According to a recent American patent of the Dow Chemical Co. bromine is prepared by the electrolysis of saline 
mother-liquors; by this means chlorine liberated in a nascent condition displaces the bromine which is recovered by 
a current of hot air. 


PHYSICAL AND CHEMICAL PROPERTIES 

Bromine is a heavy liquid of a dark red color and an irritating and repugnant odor, from which it derives its name. 
It boils at 59°C. and has a specific gravity of 3.18 at 0°. Its vapor also has a high specific gravity (about 5.5 times 
that of air) and is reddish-brown in color. 

The vapor tension of bromine varies with temperature as follows (Landolt): 


TEMPERATURE VAPOUR TENSION 
bas MM, MERCURY 
O13 62 
4 77°3 

20°6 172 
30°6 378 
45°6 487 
59'5 768 


From this table it will be seen that bromine has a high vapor pressure at ordinary temperatures. 

On cooling to -7.3°C. it is converted into a crystalline mass of a lead-gray color and a metallic glint. At 0° C. it 
forms a red crystalline hydrate with water of the formula Br2 — 10H2O which on heating to 15° decomposes into 
bromine and water. 

It is soluble in water; the solubility at various temperatures is given in the following table (Dancer): 


TEMPERATURE PARTS OF BROMINE IN 

*<¢. 100 PARTS BROMINE WATER 
5 3°600 

10 3°327 

15 3°226 

20 3'208 

25 3'167 

30 3°126 


A saturated solution of bromine in water has a yellow color, an acid taste and irritates like bromine. In the air, 
particularly on heating, it loses bromine without becoming acid. In sunlight, however, hydrobromic acid is formed. 
Bromine is soluble in alcohol, ether, chloroform and carbon disulfide, but alcoholic and ethereal solutions rapidly 
decompose. 

It dissolves more readily in aqueous solutions of hydrobromic acid, potassium bromide and hydrochloric acid. 
Solutions in the last may be obtained containing 13% bromine. 

The latent heat of volatilization of bromine at 58°C. is 45.6 calories. 

The chemical properties of bromine are similar to those of chlorine, but it is less active. Thus, for example, in order 
to bring about the reaction with hydrogen it is not sufficient to expose the mixture to light, but it is also necessary to 
heat it. 

With alkaline reagents it reacts in a similar manner to chlorine. 

With non-metals of the fourth and fifth groups it reacts so vigorously that they inflame. 

Bromine in a dry condition either reacts not at all or only partially with the common metals, though it attacks 
aluminum violently. Magnesium is the most resistant metal. Mercury reacts directly with bromine to form insoluble 
mercurous bromide. 

The presence of moisture always increases the corrosive action of this substance on metals. 

Commercial bromine usually contains chlorine, iodine and some organic bromine compounds. 

It has a vigorous toxic action on the organism and provokes irritation of the eyes. The fatal concentration is 220 
mgm./cu. m. for 30-60 minutes' breathing. 


Analysis of the Halogens 


DETECTION OF CHLORINE 

Chlorine may be simply recognized by means of its characteristic pungent odor. According to experiments carried 
out by Smolezyk,1 chlorine can be detected by means of its odor at a dilution of 5 parts per million of air (= 14 
mgm./cu. m. of air at 20° C). Confirmation of the presence of chlorine by chemical methods may be carried out by 
one of the following reactions: 

Flame Method. Detection of chlorine by this method is based on the reaction noticed by Beilstein, according to 
which chlorine burnt at the base of a spiral of copper wire suspended in the flame of a spirit lamp produces volatile 
copper chloride which colors the flame a bright green. 

The apparatus usually employed for this test consists of an ordinary spirit lamp or gas burner carrying in the flame 
a small copper spiral. The gaseous mixture to be tested is introduced into the base and interior of the flame, not 
merely at the spiral. 

In presence of chlorine a change of color from bluish-violet to bright greenish-yellow is seen. The limit of 
sensitivity is 1 in 20,000. 

This reaction is given also by bromine and iodine, as well as by all substances containing halogen atoms in the 
molecule. The sensitivity in these cases depends only on the quantity of halogen present in the substance under test. 
Decolorization of Indigo Solution. By passing a gaseous mixture containing chlorine through a solution of indigo, 
the blue of the latter is discharged by the oxidation of the indigo to isatin. 

Method with Potassium Iodide. Chlorine may also be detected by its property of liberating iodine from potassium 
iodide: 


2KI + Cl, = 2KCl + I,. 


The iodine which separates may be recognized either by the reddish-violet coloration which it imparts to 
chloroform or to carbon disulphide, or by the blue coloration which is produced with starch solution. This latter 
reaction can be adapted in practice by employing starch-iodide paper, which when exposed even for a short period 
to an atmosphere containing chlorine assumes a blue color more or less intense according to the concentration of 
chlorine present. According to the experiments of S molczyk a content of 14 mgm. chlorine per cu. m. of air 
produces a change in the color of starch-iodide paper within 3-5 seconds. 

Aniline Method. Chlorine brought into contact with a solution of aniline hydrochloride produces a wine-red 
coloration which becomes blue. The aniline hydrochloride solution is prepared by dissolving 2 ml. aniline in 8 ml. 
hydrochloric acid and 40 ml. water. 

Reactions of Chlorine Water. Chlorine in gas mixtures can also be detected by bubbling the gas to be tested 
through water; chlorine water is formed and the presence of chlorine can be confirmed in this: 

(a) With silver nitrate by the formation of a white precipitate of silver chloride: 


3Cl, + 6AgNO, + 3H,O = 5AgCl -+ AgCl0, + 6HNO,. 
(b) With metallic mercury by the formation of a gray precipitate of mercurous chloride: 
2Hg + Cl, = Hg2Cly. 


This last reaction allows chlorine to be recognized in presence of hydrochloric acid or phosgene as these substances 
do not react with mercury. 


DETECTION OF BROMINE 

Bromine may be detected by the bluish-violet color, which it imparts to a paper impregnated with Schiff reagent. 
This paper may be prepared by soaking a narrow strip of filter paper in an aqueous solution containing 0-025% 
fuchsine decolorized with sulfur dioxide, and allowing to dry. 

The presence of bromine vapor may also be recognized by bubbling the gaseous mixture to be tested through water 
and testing the solution obtained by one of the following methods: 

(a) Addition of a solution of potassium iodide and recognition of the iodine freed by means of starch paste. 

(b) Addition of a solution of phenol, which in the presence of bromine produces a white or faintly yellowish 
flocculent precipitate of tribromophenol, CsH2Br3;-OH (m.p. 930 to 94°C). If the bromine is in excess, however, a 
whitish-yellow crystalline precipitate of tribromophenol bromide (m.p. 132° to 134°C.) is formed. 

Finally, bromine may be recognized either by the red coloration which is produced with fluorescein, due to the 
formation of tetrabromofluorescein or eosin, or by the fluorescence produced by passing it through a dilute solution 
of resorufin in alkali carbonate. This reaction of bromine also forms the basis of a method of quantitative 
determination of the element in air. 


QUANTITATIVE DETERMINATION OF CHLORINE 

The quantitative determination of chlorine may be carried out either by a volumetric or a gravimetric method. 
Volumetric Method (Bunsen). This method depends on the determination of the quantity of iodine freed by chlorine 
when brought into contact with a solution of potassium iodide. 

In proceeding to analyze a sample of gas, if the concentration of chlorine is not too great, it is advisable to draw the 
gas by means of a pump or an aspirator through an aqueous solution of potassium iodide contained in an ordinary 
bubble absorber large enough to ensure the complete reaction of the chlorine with the potassium iodide. If, 
however, the gas contains a large proportion of chlorine it is preferable to introduce it into a glass globe fitted with 
a tap and previously evacuated. The volume of this should be known. A solution of potassium iodide is then 
introduced into the globe, which is allowed to stand. By this method one equivalent of chlorine sets free one 
equivalent of iodine, which remains dissolved in the excess potassium iodide. 

Then the amount of iodine in this solution is determined by the usual method of analysis with sodium thiosulfate. 


1 ml, o-r N Na,S,0, = 0-00354 gm. Cl : 
= 11228 ml. gaseous chlorine | 59. 444760 mm. 


Gravimetric Method. This method is based on the determination of the quantity of sulfuric acid formed by the 
action of chlorine on sodium thiosulfate. 

In carrying out this analysis a measured quantity of the liquid in which chlorine is to be estimated is taken. It should 
contain no sulphuric acid. A slight excess of sodium thiosulfate is added and the whole warmed for a short time in a 
vessel closed with a tightly fitting stopper. The odor of chlorine completely disappears. A slight excess of 
hydrochloric acid is then added and the whole heated to boiling to decompose the excess thiosulfate. The liquid is 
then filtered and the sulphuric acid precipitated in the filtrate with barium chloride in the usual way. 

For the rapid determination of the percentage of chlorine and carbon dioxide in air, the following method is 
recommended: 

Two 100-ml. burettes are filled with the gas to be examined; in one the chlorine is absorbed with a solution of 
potassium iodide and the iodine liberated is determined by titration with a decinormal solution of sodium 
thiosulfate; in the second burette both the chlorine and the carbon dioxide are absorbed by sodium hydroxide 
solution, and the difference in the diminutions of volume in the two burettes gives the volume of the carbon 

dioxide. 

For the determination of chlorine in presence of phosgene. 


QUANTITATIVE DETERMINATION OF BROMINE 

To determine bromine quantitatively in air a measured quantity of the gas to be examined is passed through 15-20 
ml, of a freshly prepared potassium iodide solution (10%). By this means one equivalent weight of bromine 
liberates one equivalent weight of iodine, which may then be estimated by titration with a standard solution of 
sodium thiosulfate according to the method described above for chlorine. 

1 ml. 0.1N Na2S203 = 0.00799 gm. bromine. 


CHAPTER V 
COMPOUNDS OF DIVALENT CARBON 


CARBON, like several other elements, exhibits a variable valency in its compounds. Thus it is tetravalent in the 
greater number of organic compounds, trivalent in triphenylmethyl, and pentaphenylethyl, etc., and divalent in 
carbon monoxide, fulminic acid and its derivatives, in the halogenated compounds of acetylene, etc. 

Substances containing a divalent carbon atom have in general the following properties: 

(i) They react with halogens, hydrogen acids of the halogens, oxygen, etc., forming addition products. 

('2) They have powerful and disagreeable odors (with the exception of carbon monoxide). 

(3) They are toxic. 

Among these substances, carbon monoxide merits special attention. According to some authorities it will play a 
great part in future warfare. 

Several possible methods of using it are at present in the suggestion stage, but the methods suggested do not seem 
to have found practical application. 

The method of applying carbon monoxide, which was first thought of, was in the form of the metal carbonyls— 
ironpentacarbonyl and nickel tetracarbonyl—which in the presence of catalysts such as the activated carbon used in 
anti-gas niters evolve carbon monoxide. 

These compounds are unstable, however, and easily decompose, even by simple exposure to light. For this reason it 
does not seem that in practice it will be possible to obtain a sufficient concentration in the anti-gas filter of these 
substances to develop by contact with the activated carbon a dangerous concentration of carbon monoxide in the 
respirator. 

Another possible mode of using carbon monoxide, which has been suggested is in the form of a solution in a 
suitable liquid. 

Carbon monoxide dissolves to a considerable extent in liquid gases such as ammonia and can be liberated from 
these solutions by evaporation. Suitable solvents according to Hanne belong to the class of amines. 

The last suggestion for applying carbon monoxide is in admixture with hydrocyanic acid. Such a mixture* would 
be capable of passing through the anti-gas filters in actual use. 

Among the compounds containing divalent carbon atoms the acetylene mono- and di- halides may be mentioned. 
These have a certain interest from the point of view of the chemistry of the war gases. The following structural 


formula is given to these compounds: 
x 
c=C 
X, 


The halogen derivatives of acetylene differ from the halogen derivatives of the paraffin series in being more toxic, 
and in being unstable and spontaneously inflammable. The instability and inflammability diminish considerably on 
passing from the chlorine to the bromine derivatives and are less still in the iodine derivatives. 

So far as the physiopathological properties have been studied it has been observed that the iodo- derivatives are 
more toxic than the bromo-compounds and are also more poisonous than hydrocyanic acid. The toxic action 
exhibited by substances of this class has been attributed to the presence of the divalent carbon atom which, as 
already mentioned, has a greater chemical affinity than tetravalent carbon. 

In spite of the high toxicity, these compounds have not yet found application as war gases, above all because of 
their instability and the difficulty of preparing them on the industrial scale. 

Compounds containing a divalent carbon atom united to a nitrogen atom are described in Chapter XIII. 


1. Carbon Monoxide. CO. (M.Wt. 28) 

Carbon monoxide was not employed during the war of 1914-18 as a war gas, but its toxic action has been 
established on several occasions in the field. 

Carbon monoxide is formed whenever the combustion of carbon is incomplete, and from the military point of view 
is, in particular, developed during the deflagration of explosive substances both at the time of firing and on 
explosion of the projectile, also in the detonation of mines, etc. 


The amount of carbon monoxide formed during these processes varies notably with the explosive substance, the 
density of the charge, the temperature, pressure, etc. The usually accepted data for explosives of different types are 
as follows: 


1 kg. black powder yields 279 litres gas at 0° C. 


1 kg. nitroglycerine yields 713 <i ” 
I kg picric acid yields 828 i is 
1 kg. guncotton yields 859 ji 


In normal deflagration the following percentages of carbon monoxide are formed: 


Black powder. . . about 10% 


Powder B ; : : » 33% 
Dynamite... g:-. » 35% 
Guncotton . : . » 40% 


Trinitrotoluol . ; ; » 55% 


LABORATORY PREPARATION 
Carbon monoxide is usually prepared by the dehydration of formic acid by means of sulphuric acid: 


HCOOH + H,SO, = CO + H,S0,.H,0. 


Concentrated sulfuric acid is placed in a flask closed with a three-holed stopper. One of the holes carries a tap- 
funnel, another a thermometer and the third a gas delivery tube. The flask is heated to 100°C. and then industrial 
formic acid (about 98%) is allowed to flow in slowly while the temperature of the liquid is maintained at 100°C. 
From 175 gm. formic acid, 100 gm. carbon monoxide are obtained. 


INDUSTRIAL MANUFACTURE 
See the usual treatises on inorganic chemistry and the section "Phosgene" in the present volume. 


PHYSICAL AND CHEMICAL PROPERTIES 

A colorless, odorless gas. B.p., -190° C. Critical temperature, -135.9°C. Critical pressure, 35.5 atmospheres. 
Density, 0.967. 

It is only very slightly soluble in water: at O°C, 1 liter of water dissolves 32 ml.; at 20°C, 23 ml. It dissolves readily 
in alcohol and other organic solvents. 

It is absorbed by aqueous ammonia and also by ammoniacal or hydrochloric acid solutions of cuprous salts. 

It burns with a violet flame. Mixtures of carbon monoxide and air in certain proportions are inflammable. The 
upper and lower explosive limits at room temperature are respectively 73-4% and 16-2% of CO. 

The chemical behavior of carbon monoxide depends on the presence of the divalent carbon atom in the molecule : 
the addition of oxygen to form carbon dioxide, the addition of chlorine to form phosgene, etc. 

By heating under pressure with sodium hydroxide sodium formate is produced: 


CO + NaOH = HCOONa 


Highly reducing metals like aluminum and (powdered) magnesium react on heating with carbon monoxide, 
forming the corresponding oxide and freeing carbon. 

Some metals, as nickel, iron and cobalt, form additive compounds of the formula: Ni(CO)4, Fe(CO)4, Fe(CO)s. 
Co(CO)as. 

Platinum chloride forms several additive compounds with carbon monoxide: PtCl2.CO; PtCl2.2CO; PtCl2.3CO, 
which are all yellow and which decompose easily by the action of water, separating platinum in a finely divided 
state and giving carbon dioxide and hydrochloric acid. 

Oxygen, ozone and hydrogen peroxide do not oxidize carbon monoxide at ordinary temperatures, but in presence of 
catalysts, as, for instance, "Hopcalite" (a mixture of 60% MnO and 40% CuO), even atmospheric oxygen will 
convert carbon monoxide to carbon dioxide. Because of this behavior, "Hopcalite" is employed in filters for 
defense against carbon monoxide. 

The conversion of carbon monoxide to carbon dioxide is also brought about by the action of other oxidizing agents 
as silver oxide, potassium permanganate, iodic acid, chromic acid, mercuric chrornate, etc. 

Carbon monoxide easily reacts with haemoglobin forming carboxy-haemoglobin. The affinity of carbon monoxide 
for haemoglobin is some 200 times as great as that of oxygen. 


2. Tron Pentacarbonyl. Fe(CO); (M.Wt. 1958) 
Iron pentacarbonyl was obtained in 1891 by Ludwig Mond by the action of carbon monoxide on iron, prepared 
from ferrous oxalate. The yield obtained was about 1% of the theoretical from the iron employed. 


The reaction for the formation is as follows: 

Fe + 5CO = Fe(CO),; + 54-4 cal. 
. . and this takes place more easily at low temperatures and high pressures. 
Carbon monoxide may be prepared by the action of dehydrating agents on formic acid. The iron may be prepared 
from other compounds besides ferrous oxalate, but it must have as large a reactive area as possible and be of high 
purity. 
Iron pentacarbonyl is formed at a pressure of 100-200 atmospheres in a tube heated externally to a temperature of 
150° to 200° C. 
The iron pentacarbonyl formed is drawn as vapor with the current of carbon monoxide out of the reaction tube into 
a refrigerant where it condenses. The excess carbon monoxide is collected in a gas holder and may be returned in 
cycle. 
The industrial preparation of iron pentacarbonyl has presented much difficulty from the beginning. The difficulties 
have been due to: 
(1) The presence of oxygen even in minute quantity, either in the iron or in the carbon monoxide. 
(2) The precipitation of the pentacarbonyl on the iron during the reaction. 
(3) The presence of impurities in the iron. 


PHYSICAL AND CHEMICAL PROPERTIES 

Iron pentacarbonyl is a liquid boiling at 102.7°C. at 767mm of mercury and having a melting point of —20° C. 
(Dewar). 

Density, 1.4665 at 18°C. Coefficient of thermal expansion between 0° and 21°C, 0.00121; between 20° and 40°C, 
0.00128, and between 40° and 60°C, 0.00142. Latent heat of evaporation, 39.45 gm. cals. 

In the following table, the vapor tension and the volatility at various temperatures are given: 


TEMPERATURE VAPOUR TENSION VOLATILITY 
°c, MM. MERCURY MGM./LITRE 
—7 14 160 
° 16 180 
18-4 28 310 
35°0 52 580 
57°0 135 _ 
78-0 311 — 


It is insoluble in water, which slowly decomposes it in the cold. 

It is soluble in most organic solvents (acetone, benzene, etc.). 

The solutions are generally brown in color and slowly decompose in the air forming a precipitate of iron hydroxide. 
Iron pentacarbonyl when exposed to the action of light decomposes to form carbon monoxide and a solid 
crystalline substance of a golden-yellow color and the formula Fe2(CO)s, diferro-nonacarbonyl: 


2Fe(CO), = Fe,(CO), + CO 


This decomposition does not take place if a solution of iron pentacarbonyl in nickel carbonyl is exposed to light, 
perhaps because of the formation of a stable compound of the formula NiFe(CO)y (Dewar). 

When mixed with air, iron pentacarbonyl decomposes on exposure to sunlight in a very few minutes with formation 
of carbon monoxide and iron oxide. 

It is very sensitive to the action of heat: on warming to about 200°C. under ordinary pressure it decomposes 
completely to iron and carbon monoxide. This decomposition, however, takes place at a much lower temperature in 
the presence of substances having a porous structure. Thus in the presence of iron, about 60°C. is sufficient and in 
the presence of activated carbon, magnesium oxide, etc., it takes place even at ordinary temperatures. 

The vapor of iron pentacarbonyl burns in the air with a brilliant flame and a characteristic spectrum (Mittasch). By 
directing this flame against a porcelain capsule, a black deposit of partly oxidized iron forms. 


Alcoholic solutions of sodium or potassium hydroxide easily absorb iron pentacarbonyl; the resulting solution has 
vigorous reducing properties. 

Concentrated nitric and sulphuric acids react with iron pentacarbonyl according to the equation: Fe(CO); + H2SO4 
= FeSO, + H2 + SCO. 

On shaking iron pentacarbonyl with a dilute solution of hydrogen peroxide, colloidal ferrous hydroxide separates. 
With chlorine it reacts easily, forming ferric chloride and carbon dioxide. With bromine it reacts similarly; with 
iodine the reaction is much slower (Dewar). 

According to recent researches, by allowing bromine to drop into a solution of iron pentacarbonyl in pentane, a 
yellow precipitate of Fe(CO)4.Br> is formed. 

Tron pentacarbonyl reacts with mercuric chloride with separation of a white substance according to the equation: 


Fe(CO), -+ 2HgCl, + H,O = Fe(CO),.Hg,Cl, + CO, + 2HCl. 


It possesses reducing properties, especially in alkaline solution. 

fee nitrobenzene is reduced to aniline, ketones to alcohols, etc. 

If also has a dehalogenating action, reacting with carbon tetrachloride to form carbon monoxide, phosgene and 
hexachloroethane, while the iron is converted to ferric chloride (Mittasch). 

It does not react with ammonia, but the basic amines, like pyridine, react to produce carbon monoxide. With 
hydrazine it reacts vigorously, forming a syrupy substance with an intense red color; for each molecule of 
hydrazine, four molecules of carbon monoxide are set free. 

The vapor of iron pentacarbonyl is absorbed by activated carbon, which catalytically decomposes it with formation 
of carbon monoxide. 

Alumina also absorbs iron pentacarbonyl vapor to the extent of about 2-5% by weight. If the alumina containing the 
absorbed pentacarbonyl is exposed to sunlight, it becomes red in color and the theoretical quantity of carbon 
monoxide in the absorbed iron pentacarbonyl is evolved (Dewar). 

According to Mittasch, the toxicity of iron pentacarbonyl is relatively slight. It is necessary, however, to take into 
account the carbon monoxide formed by its decomposition. 


3. Dibromoacetylene. CBrx=C. (M.Wt. 1838) 

Dibromoacetylene was prepared in 1903 by Lemoult by the action of alcoholic potash on tribromoethylene: 
CBr, Br 
l > c=CC + HBr 
CHBr Br 


Later, Lawrie also obtained it by the same method, but did not establish the structure with the divalent carbon atom. 
Recently, this compound has been prepared by Nekrassov by the action of an ethereal solution of cyanogen 
bromide on magnesium dibromoacetylene: 


CMgBr Br 


i +2 CNBr Gai 
Avene c pe + 2 MECNBr 


LABORATORY PREPARATION 

26.5 gm. tribromoethylene and 10-5 gm. 82% potassium hydroxide are placed in a separatory funnel of about | liter 
capacity. The stopper of the funnel has two holes, through one of which passes a small tap-funnel and through the 
other a simple tap. The contents are treated in an atmosphere of nitrogen with 35-50 gm. alcohol (95%), cooling 
meanwhile in a stream of water. 

After 2 hours, 400-500 ml. air-free water are added. At the bottom of the separatory funnel an oily layer of 
dibromoacetylene collects; this is run off into a flask filled with carbon dioxide and distilled in an atmosphere of 
carbon dioxide by heating in an oil bath to 100° to 120° C. (Lawrie). 


PHYSICAL AND CHEMICAL PROPERTIES 

Dibromoacetylene is a colorless heavy liquid which boils at 76° to 76.5°C.,1 has an unpleasant odor and a density 
of about. 

It is soluble in most organic solvents. 

It is a very unstable substance. It inflames in the air, burning with a red flame. On heating it decomposes with 
explosive force and deposits carbon. In absence of oxygen it is not a dangerous substance. 


With damp oxygen it reacts to form hydrobromic acid, oxalic acid and a bromine-compound which has strongly 
irritating properties (Lemoult). 

It reacts with bromine to form tetrabromoethylene, colorless crystals melting at 55° to 56°C. It reacts with iodine to 
form diiodo-dibromoethylene, crystals with m.p. 95° to 96°C. 

At ordinary temperatures, hydriodic acid adds on to the molecule forming dibromoiodoethylene, BrxC=CHI, a 
liquid boiling at 91°C. at 15 mm. pressure. Density, 2.952 at 24° C. (Lawrie). 

Dibromoacetylene is a substance of highly toxic properties. 

Inspiration of its vapor causes violent and prolonged headaches and general debility (Lawrie). 


4. Diiodoacetylene. CI2 = C. (M.Wt. 2778) Diiodoacetylene was obtained in 1865 by Berend, together with other 
substances, by the action of an ethereal solution of iodine on silver acetylide. But it was only in 1885 that Bayer 2 
recognized it as an individual substance. He prepared it together with tetraiodoethylene by the action of iodine on 
calcium carbide: 


CaC, + 21, >CI, = C + Cal, 


According to Biltz a more practicable method is by the action of acetylene on an alkaline solution of iodine in 
potassium iodide: 


C,H, + KIO + 1,—>CI, = C + KI + H,0. 


Recently a new method has been elaborated, which consists in bubbling acetylene through a solution of iodine in 
liquid ammonia. The yield in this reaction is 90-97%. 


LABORATORY PREPARATION 

300 ml. of a seminormal solution of potassium hydroxide are introduced into a flask furnished with a tap-funnel, an 
electric agitator and a tube for the introduction of gas. A rapid current of acetylene, previously washed with a 
solution of basic lead acetate, is passed in, meanwhile stirring and cooling strongly and dropping in from the tap- 
funnel a solution of 32 gm. iodine and 35 gm. potassium iodide in 25 ml. water until the color of the iodine persists 
in the reaction mixture. This operation lasts 30-40 minutes. 

The precipitate obtained is filtered off, washed with water, dried in a desiccator, and, if necessary, crystallized from 
ligroin. Yield almost theoretical (Biltz). 


PHYSICAL AND CHEMICAL PROPERTIES 

Diiodoacetylene forms white crystals melting at 78.5°C. which have a strong, disagreeable odor very similar to that 
of pheriyl isocyanide. It has a high volatility and is insoluble in water, but soluble in alcohol, ether, etc. Exposed to 
light it slowly becomes red with separation of iodine. 

When heated in either a closed or an open tube, diiodoacetylene decomposes explosively, forming carbon and 
iodine. The temperature of decomposition is about 125°C. (Vaughn). It also explodes on rubbing in a mortar. 

It oxidizes slowly in air, especially in neutral solution, forming carbon monoxide and tetraiodoethylene: 


2C = Cl, + O, = 2CO + CI, = Cl, 


This oxidation also takes place if sodium hydroxide is added to an alcoholic solution of diodoacetylene. 

By passing a current of dry chlorine into diiodoacetylene or into its solution in chloroform, white needles of 
hexachloroethane (m.p. 186-5°C.) are obtained after removing the excess chlorine. 

By the prolonged action of bromine on diiodoacetylene hexabromoethane is similarly obtained in the form of white 
crystals, which melt at 210° to 215°C. with separation of bromine. 

Under suitable conditions several compounds of bromine and iodine may be obtained, as dibromodiiodoethylene, 
triiodobromoethylene, etc. (Berend and Nef). 

Concentrated nitric acid or chromic acid in acetic acid solution reacts to form carbon dioxide and iodoethylene. 
With fuming nitric acid a very violent reaction takes place with evolution of carbon dioxide and separation of 
iodine and of triiodovinyl nitrate, which has the formula, 


' 
CIONO, 


. ..and forms yellow crystals (Nef). 

It has powerfully toxic properties, the vapor strongly irritating the mucous membranes and particularly the eyes 
(Nef). 

Iodine separates as it acts on the organism, though it partly penetrates the tissues without decomposition.2 


Analysis of Divalent Carbon Compounds 


DETECTION OF CARBON MONOXIDE 

The various reactions that have been proposed for the detection of carbon monoxide depend on its reducing 
properties and its power of reaction with haemoglobin. 

The following are the principal: 

(1) Silver Nitrate. (A solution of silver nitrate to which sufficient ammonia has been added to redissolve the 
precipitate which first forms.) By shaking the gas containing carbon monoxide with this solution, a black 
precipitate is produced. Sensitivity: 0-04%. 

(2) Palladium Chloride. This employs 0-2% aqueous solution of palladium chloride, or palladium chloride paper. 1 
The latter is prepared just before use by immersing a strip of filter paper in a freshly prepared mixture of equal 
volumes of a 0-5% solution of palladium chloride and a 5% solution of sodium acetate. 


Sensitivity : 0-05% CO, in a few minutes. 
o-02% CO, in 2-4 hours, 
0:005% CO, in 24 hours, 


These two reactions, with silver nitrate and palladium chloride, can only be used to detect carbon monoxide in air 
which does not contain hydrogen sulfide, ammonia or unsaturated hydrocarbons. 

Spectroscopic Method. This is the most certain and specific method of detecting carbon monoxide. The gas to be 
tested is passed into a dilute solution (1 in 10, or 1 in 100) of blood which is then examined spectroscopically. Pure 
blood gives the spectrum of haemoglobin with its two absorption bands of which one is narrow and yellow, near 
the D line, while the other is less intense but wider in the green, near to the E line. Carboxyhaemoglobin also gives 
two bands in D and E but of equal width and intensity, somewhat closer together and also displaced towards the 
violet. 

This test is simplified by adding ammonium sulfide to the solution to be tested, when the spectrum of 
oxyhaemoglobin is substituted for that of haemoglobin, and the two bands in D and E disappear and give place to a 
single band, less intense and narrower. The spectrum of carboxyhaemoglobin remains unaltered. Sensitivity: 
0.05%. 


DETECTION OF IRON PENTACARBONYL 

(1) Method of Pyrogenic Decomposition. The gas to be examined is passed through a glass tube, similar to that 
usually employed in carrying out the Marsh test, and heated by means of a gas flame. In the presence of iron 
pentacarbonyl a ring of iron oxide is deposited on the cold part of the tube. Carbon monoxide may be detected in 
the gas issuing from the tube by one of the methods given above. 

(2) Griffith's Method. The gas to be tested is bubbled through a wash bottle containing concentrated sulphuric acid. 
By evaporating to dryness and taking up the residue with water, iron may be detected by the well-known Prussian 
blue reaction. 


QUANTITATIVE DETERMINATION OF CARBON MONOXIDE 

Of the various methods suggested, the two described here enable very small quantities of carbon monoxide to be 
determined in air. Other methods (gas-volumetric, gravimetric, by combustion, etc.) may be found in the usual 
books on chemical analysis. 

(1) Iodine Pentoxide Method. This method is based on the determination of the iodine liberated in the reaction 
between carbon monoxide and iodic anhydride according to the equation: 


1,0, + 5CO = 5CO, + I,. 


Three U-tubes are connected in series, the first filled with granular potassium hydroxide, the second with pumice 
impregnated with sulfuric acid, and the third with pure anhydrous iodic acid which should not liberate iodine when 
pure air is passed through. This last U-tube is connected by glass-to-glass connections with a boiling-tube 
containing sufficient concentrated potassium iodide solution to ensure complete absorption of the iodine. 

The iodic acid is heated in an oil-bath to about 150°C, and a measured volume of the gas mixture to be examined is 
passed through at a velocity of about 10 ml. per minute. The iodine liberated by the carbon monoxide is carried 
over by the gas stream and bubbles into the potassium iodide solution. After the measured volume of gas has been 
passed, pure air is drawn through for some minutes to ensure complete absorption of the iodine which remains in 
the connecting tubes. 


The liberated iodine is titrated with sodium thiosulfate by the usual method of analysis. 

According to Froboese, it is preferable to determine, either gravimetrically or volumetrically, the carbon dioxide 
formed in the above reaction rather than to titrate the iodine. 

An apparatus utilizing the reaction between carbon monoxide and iodic acid has been produced by the Mines 
Safety Appliances. 

This permits the determination of the amount of carbon monoxide in air in a few seconds with sufficient accuracy 
for practical purposes. A measured volume of gas is passed first through a layer of activated carbon and then 
through a tube containing pumice saturated with iodic anhydride and oleum, known as "Hoolamite." In the 
presence of carbon monoxide the tube assumes a color varying from grayish-blue to greenish-blue according to the 
amount of carbon monoxide. By comparison with a standard reference-tube the quantity present in the air under 
examination can be determined. 

(2) "Hopcalite" Method. This is based on the catalytic oxidation of carbon monoxide when passed through the 
oxidizing mixture of manganese dioxide and copper oxide known as “Hopcalite." Determination of the percentage 
of carbon monoxide present is carried out by measuring either the quantity of carbon dioxide formed 3 or the heat 
of oxidation. 

The "Draeger-CO-Messer" apparatus measures the rise in temperature of the oxidizing mixture mentioned above. 
This rise in temperature may be measured either by means of an ordinary thermometer or registered on a 
thermograph. From the increase in temperature the percentage of carbon monoxide may be obtained from suitable 
tables. 


QUANTITATIVE DETERMINATION OF IRON PENTACARBONYL 

The method of Griffith, already described, may be applied to the determination of iron pentacarbonyl by 
colorimetric determination of the Prussian blue formed. 

If the sample has been dissolved in benzene, methyl alcohol, ete., it is treated with perhydrol and the iron 
precipitated with ammonia and determined in the usual way as oxide. 


CHAPTER VI 
ACYL HALOGEN COMPOUNDS 


THE substitution of carboxylic-hydroxyl in the molecules of organic acids by halogen atoms or by the CN group, 
generally confers toxic properties. 

Among the halogen derivatives of acid radicals especial interest attaches to phosgene or carbonyl chloride because 
of its great toxic properties, and it was used in the war of 1914-18. 

From its structure it will be seen that phosgene may be considered as carbonic acid in which both the hydroxyl 
groups are substituted by chlorine atoms. 


OH OH l 
CO co . Cl 


carbonic chlorocarbonic carbonyl 
acid acid chloride 


Analogues of phosgene, such as carbonyl bromide have been studied at various times,1 but experiments on the 
chemical and particularly toxicological properties have only been carried out in the last few years. 

Carbonyl bromide, because of its boiling point (64°C.) and its comparative stability to the action of water would be 
preferred as a war gas to phosgene were it not for its lower stability to light and its lesser toxicity. 

Recently carbonyl! fluoride has also been prepared and studied. 

It is a colorless gas obtained by the action of silver fluoride on carbon monoxide.3 Because of its great sensitivity to 
water and its low boiling point (-83°C.) it appears improbable that it would give satisfactory service as a war gas. 
By the substitution of the halogen atoms in the phosgene molecule by CN groups it is possible to obtain the 


following two compounds: 
el CN 
co(. cot, 
N N 


cyanoformic chloride carbonyl cyanide 


The chloride of cyanoformic acid is obtained by the action of the amide of ethyl oxalate on phthalyl chloride. 1 It is 
an oily substance with b.p. 126° to 128°C. at 750 mm. of mercury. 

Carbonyl cyanide has been obtained from diisonitrosoacetone. 

It is a colorless liquid with a boiling point of 65-5° C. at 740 mm. Density, 1.124 at 20°C. By hydrolysis it 
decomposes forming carbon dioxide and hydrocyanic acid. 

In recent years compounds of the same general type, but having the carbonyl group C : O substituted by the oximic 
group C : NOH, have attracted attention as possible war gases. 

(1) Chloroformoxime 


a = NOH “Nc = NOH 


and (2) Dichloroformoxime, the oxime of carbonyl chloride, 


The vapors of these substances even in low concentration are strongly lachrymatory and produce very painful 
lesions of the eyes, which may result in blindness. Both in the solid state and in solution they also cause irritation 
and blistering of the skin. 

This vesicant action results from actual contact of the substances with the skin and the blisters heal only very 
slowly. According to Hackmamn, very few substances known in the whole of organic chemistry are capable of 
exerting on the human organism physiopathological action that is as violent as that produced by these oximes. 
However, their physical and chemical properties render them of little use as war gases. 

Recently other compounds analogous with dichloroformoxime have been prepared. 

(1) Dibromoformoxime, crystals with a melting point of 68° to 60°C. (Birckenback) or 70° to 71°C. Distils 
between 75° and 85°C. at a pressure of 3 mm. 

(2) Diiodoformoxime, crystals with m.p. 69°C. 


These two substances have a less powerful toxic action than the analogous chlorinated derivatives and especially as 
vesicants, provoke irritation of minor intensity. 

Finally, among the various acyl halogen compounds, formyl fluoride, oxalyl chloride, oxalyl bromide, etc., are 
interesting possibilities as war gases. 

Formyl fluoride, HCOF, has been prepared only recently by Nesmejanov by the action of benzoyl chloride on a 
solution of potassium fluoride in formic acid. It is a mobile, colorless liquid, b.p. -26° C. It dissolves in water, 
slowly hydrolyzing. At room temperature either in the liquid or gaseous state, it decomposes in a few hours with 
the formation of carbon monoxide and hydrofluoric acid. 


HCOF — HF + CO. 


Considered from the physiopathological point of view, formyl fluoride is about three times as toxic as acetyl 
fluoride or chloropicrin. 
Oxalyl chloride, (COC1), has been obtained by the action of phosphorus pentachloride on oxalic acid. On heating, 
it decomposes, forming carbon monoxide and phosgene according to the equation: 


(COCI), > CO + COCI,. 


Oxalyl bromide, (COBr):, has been obtained by the action of hydrobromic acid on oxalyl chloride. Heat 
decomposes it with production of carbon monoxide and carbonyl bromide. It reacts easily with water forming 
carbon monoxide, carbon dioxide and hydrobromic acid. 

The vapors of these two substances violently attack the respiratory organs. 

It has been demonstrated that the stability of the oxalic acid halides diminishes in passing from the chlorides to the 
iodides. Temperature of decomposition, 


(COCl), (COBr), (COI), 
350° 150° — 80 
This is analogous to the behavior of the carbonic acid halides: Temperature of decomposition, 


COCl, COBr, col, 
400° 100° — 80° 


1. Phosgene. COCh. (M.Wt. 98-9) 
Phosgene, or carbonyl chloride, was obtained in 1812 by Davy by exposing a mixture of chlorine and carbon 
monoxide to the action of sunlight. 


CO + Ch = COC. 


This reaction can also be brought about without the influence of solar radiation by means of catalysts such as 
platinum sponge, vegetable carbon, animal charcoal, | etc. 

Phosgene was employed for the first time as a war gas in December, 1915. It was used throughout the war alone or 
mixed with chlorine by emission from containers, while shells were also used which contained the same mixture or 
one including metallic chlorides as stannic chloride or other war gases such as chloropicrin, diphosgene, 
diphenylchloroarsine, ete. 


LABORATORY PREPARATION 
In the laboratory, phosgene may be easily prepared by treating chloroform with chromic acid mixture: 


2CHCl, + 30 = 2COCl, + H,0 + Cl, 
. . but by this method the product is impure with chlorine and chloroform (5% about). 


Either Erdmann's method, based on the reaction between fuming sulfuric acid and carbon tetrachloride, or the 
synthetic method from carbon monoxide and chloride in presence of activated carbon is generally used. 


Fic. I. 


Preparation from Oleum and Carbon Tetrachloride. 100 ml. carbon tetrachloride are placed in a flask, A (Fig. 
I), fitted with a stopper through one of whose three holes passes a tap-funnel, B, containing 120 ml. oleum (80% 
free SO3), while a thermometer and a reflux condenser pass through the other two holes. The flask A is gently 
heated, while fuming sulphuric acid is allowed to enter drop by drop from the tap-funnel, and when this comes into 
contact with the carbon tetrachloride it reacts according to the equation: 


$0, CCl: = COC,4-SOLL. 


The phosgene formed is first passed through the wash bottle C, containing concentrated sulphuric acid which 
absorbs sulfur trioxide and sulfuryl chloride vapors, and then through two condensation receivers, D and E, 
externally cooled with a freezing mixture of ice and calcium chloride. 

After all the oleum has been added, the flask is heated strongly for about 5 minutes in order to eliminate all the 
phosgene. 

In this way phosgene impure with carbon tetrachloride and sulfuryl chloride is obtained. According to Popescu it 
can be purified by first heating it to its boiling point (+8°C.) and then condensing the vapor again after passing it 
through strongly cooled concentrated sulphuric acid. 

Preparation by Synthesis from Chlorine and Carbon Monoxide. 

A wide-mouthed vessel [A, see Fig. 2) is closed with a stopper pierced with three holes. ‘Through two of these holes 
glass tubes (B and C) pass to the bottom of the vessel, while through the third a very short tube passes and connects 
with a condenser (D) filled with granules of activated carbon. The other end of the condenser is connected with two 
receivers, E, F, externally cooled with a freezing mixture of ice and calcium chloride. 

Carbon monoxide from a gas holder is passed through a wash bottle L containing sulphuric acid, and then by means 
of tube B into the vessel A where it mixes with chlorine introduced through the other tube C. The chlorine is passed 
in at the rate of five or six bubbles a second and the carbon monoxide at eight or nine bubbles a second. As the two 
gases pass through the charcoal, the latter becomes heated, and water is therefore circulated through the outer tube 
of the condenser to cool it. The phosgene as it forms gradually condenses in the two externally cooled receivers. 


INDUSTRIAL PREPARATION 

In Italy and France phosgene was prepared during the first years of the war of 1914-18 from carbon tetrachloride 
and fuming sulfuric acid according to the method of Schuttzenberger modified by Grignard. 

This method, though giving a high yield of phosgene (about 90% of theoretical), consumes much chlorine. For this 
reason, the method was later abandoned in favor of the synthesis from carbon monoxide and chlorine, which had 


been used in Germany from the beginning. Until a few years ago the synthesis from carbon monoxide and chlorine 
was carried out in presence of animal charcoal exclusively, this being conveniently prepared from bones and 
washed first with hot hydrochloric acid, then with water, and finally dried. Later it was discovered that vegetable 
carbon prepared from birch wood, lime wood, coconut, etc., had greater catalytic activity. 

The synthetic method is nowadays the most widely used for the industrial manufacture of phosgene. 

The preparation of the chlorine for use in this process involves no points calling for special mention, except that the 
chlorine should be as dry as possible in order to prevent the formation of hydrochloric acid during the synthesis. 
Special care is necessary, however, in preparing the carbon monoxide. The most generally used process employs 
the reduction of carbon dioxide obtained by the combustion of coke and is carried out in the following manner: 
Coke is burned in a special furnace, and the carbon dioxide formed is purified by first washing with water and then 
passing it through a series of tubes containing a solution of potassium carbonate. 

The carbon dioxide reacts with this solution to form potassium bicarbonate according to the equation: 


K,CO, + CO, + H,O = 2KHCO,. 


The solution thus obtained is pumped into a still and heated in absence of air, so as to liberate the carbon dioxide 
again together with water vapor. The latter is removed by cooling and then passing through concentrated sulphuric 
acid. 

Carbon dioxide alone is lefi and this is reduced to carbon monoxide by passage through red-hot coke. In order to 
prevent the coke being cooled by the endothermic nature of the reaction to a temperature at which the combination 
no longer takes place or occurs only incompletely and very slowly, the carbon dioxide is mixed with a definite 
quantity of oxygen. 

In this way carbon monoxide is obtained impure with carbon dioxide which is removed by absorption in caustic 
soda: 


CO, + 2NaOH = Na,CO, + H,0. 


After drying, the carbon monoxide is ready for the synthesis. 

The plant for the manufacture of phosgene by the synthetic method is shown diagrammatically in Fig. 3. The 
carbon monoxide and chlorine are passed into a mixer A, suitably arranging the proportions to correspond with the 
synthetic process which follows. These mixers are simple lead cylinders containing perforated diaphragms. The 
gases enter tangentially at one end of the mixer by two separate tubes, x, y, then are mixed in passing through the 
holes in the diaphragms and leave from the other end of the mixer to pass directly into the catalyst chamber, B. This 
may take various forms, but generally consists of lead tubes 5-6 m. in height and | m. in diameter filled with active 
carbon. The gases enter at the bottom of the chamber at a temperature of about 20°C. As the reaction between 
chlorine and carbon monoxide takes place with development of a considerable quantity of heat, the temperature is 
moderated by external cooling. The optimum temperature for the reaction is about 125°C. and should not exceed 
150°C. 


The gas mixture containing the phosgene formed is passed next through the cooling coils, D, where the greater part 
condenses and is collected in the receiver F, The uncondensed portion then enters at the bottom of the absorption 
tower G, into the top of which a fine spray of tetrachloroethane drops, this liquid being a solvent for phosgene. The 
solution obtained passes into the still H, in which the phosgene is recovered by heating and condenses in the cooler 
E and collects in the reservoir F, while the tetrachloroethane freed from phosgene passes into K and by means of 
the montejus L is carried again to the top of the column G. The phosgene obtained in this manner contains about 
1.5-2% free chlorine and traces of carbon dioxide. 

American Method, At Edgewood the Americans carried out the synthesis of phosgene by a method similar to that 
described above, employing. however, a special carbon known as "Filtchar" as catalyst. What is particularly 
interesting about this method is the means by which the synthesis from the carbon monoxide and chlorine is carried 
out. 

The catalyst is placed in special boxes of iron covered with graphite sheets to protect the iron from the action of the 
chlorine and the temperature during the synthesis allowed to rise of its own accord to at least 250°C. However, as 
in these conditions the combination of the two gases is incomplete, in order to prevent chlorine and carbon 
monoxide from escaping uncombined, the gases issuing from the catalyst chambers, containing about 85% 
phosgene, are passed into a second series of reaction chambers. 

These are constructed like the first and also contain " Filtchar." 

They are known as the cold catalysts and are kept at a temperature of about 95°C. 

The resulting gas mixture containing approximately 93-94% of phosgene is dried by means of sulphuric acid and 
then cooled by passing through coils immersed in calcium chloride brine at —-20° C. At this temperature the 
phosgene is liquefied, while the remaining gas which still contains gaseous phosgene is absorbed in linseed oil in a 
recovery plant. 


PHYSICAL AND CHEMICAL PROPERTIES 

At ordinary temperatures phosgene is a colorless gas with a characteristic odor described as that of mouldy hay. On 
cooling to below 8°C. it becomes a colorless, mobile liquid boiling at 8.2°C. It solidifies at -1 18°C. to a white 
crystalline mass. The technical product is, however, pale yellow or orange owing to the presence of colored 
impurities, such as chlorine, ferric chloride, etc. 

The critical temperature of phosgene is 181.7°C. and the critical pressure 55.3 atmospheres. A liter of gascous 
phosgene at 0°C. and 760 mm. weighs 4.4 gm., i-e., three and a half times (3.505 to be exact) that of air (1.293). In 
the following table the values of the specific gravity of liquid phosgene are given at various temperatures, as well 

as the values of the specific volume (volume of unit weight of liquid phosgene). 


TEMPERATURE SPECIFIC SPECIFIC 
=: WEIGHT VOLUME 

— 40 I'50II 06662 

— 20 14615 0-6842 

— Tr I'441I 0'6939 

a) I'4203 0-704 

10 1-3987 0°-7I50 

20 1-3760 0-7260 

40 I-3262 0°7541 

60 12734 0°7853 


The vapor tension of liquid phosgene at temperatures between —15°C. and +23°C. can be calculated from the 
formula: 


6 
bg p= 75595 — 


For temperatures between —13°C. and +25°C. the vapor tension is as follows: 


TEMPERATURE VAPOUR TENSION 
ast 8 MM. MERCURY 
TLS? 335 
— Io 365 
oD 452 
re) 555 
8-2 760 
Io 839°8 
20 1,173°4 
25 1,379 


From these data it will be seen that even at ordinary temperatures phosgene has a high vapor pressure, which makes 
it of low persistence as a war gas, although its vapor density is much greater than that of air. 

The evaporation of phosgene is also favored by its low specific heat (0.243 calorie) and its low latent heat of 
evaporation (about 60 calories). The coefficient of expansion of phosgene is 0.001225 at 0°C. 

Phosgene dissolves readily in many organic solvents, such as benzene, toluene, xylene,1 etc., as well as in fats and 
oils. From these solutions it can be easily removed by a current of dry air. 

Use is made of this property in marketing phosgene as a 30% solution in toluene. 

According to Baskerville and Cohen the solubility of phosgene in some organic solvents at a temperature of 20°C. 
is as follows: 


I gm. phosgene dissolves in 1-0 gm, benzene 


» " » 5 ,, toluene 

af 5 » 2 ,, petrol 

» ” » 7 ,, chloroform 

» * »  3°6 ,, carbon tetrachloride 
» » » 16 ,, glacial acetic acid 


Phosgene is also easily soluble in arsenic trichloride (1 part AsCl; dissolves 100 parts COCI) and in sulfur 
monochloride. 

In the liquid state phosgene dissolves various substances, as, for example, chlorine in the following proportions: at 
0°C, 6.63%; at —15°C, 20.5%, as well as several of the war gases, such as dichloroethy] sulfide, chloropicrin, 
diphenylchloroarsine, etc. 

Phosgene is a stable compound at ordinary temperatures and in absence of humidity. At somewhat elevated 
temperatures, however, it dissociates fairly easily into carbon monoxide and chlorine: 


COCl, = CO + Cly. 
Bodenstein and others have observed that this dissociation has the following values at ordinary pressure: 


Attor°c.  . - 045% At 503°C. . : , 67% 
At 208°C, . - 083% At 553°C. . 2 . 80% 
At 309°C... » 561% At 603°C. . ‘ - 9I% 
At 400°C. . 21:26% At 800°C. . d . 100% 


When phosgene is passed through incandescent carbon, it decomposes according to the equation: 
2COCl, —> CC + COs. 


By exposure to the light from a mercury vapor lamp in presence of oxygen and chlorine, decomposition takes 
place, and as an intermediate product, a compound of the formula COC], is formed. By exposure to ultra-violet 
light chlorine and carbon monoxide are formed. 

Phosgene in contact with water is hydrolyzed even at the ordinary temperature according to the equation: 


COCI, -+ H,O = 2HCl + CO,. 


Very divergent values are reported in the literature for the velocity of this reaction; according to some workers the 
hydrolysis of phosgene is instantaneous; according to others it has a measurable velocity. The reaction is strongly 
influenced by the physical state of the phosgene when it is brought into contact with the water and also whether the 
water is in the vapor state or the liquid state. Thus, according to Delepine, the reaction velocity is not very rapid if 
the phosgene comes into contact with the water vapor normally present in the atmosphere. Experiments carried out 


on this have demonstrated that | ml. of gaseous phosgene, placed in a 500-ml. stoppered flask with ordinary air, 
still retains the odor of phosgene after 15 days. The normal humidity of the air, therefore, does not completely 
decompose phosgene, though there is present in the air more water than that necessary for complete hydrolysis. By 
addition to the flask of a drop of water, which is more than sufficient to saturate the air, the odor of phosgene is still 
perceptible after 4 days, but not after 12 days. With 2 drops of water the odor disappears in 2 days. 

The hydrolysis of phosgene actually in contact with water is, however, very rapid.6 Patern6 and Mazzucchelli have 
found that by placing 100 ml. water together with a small glass bulb containing about | gm. phosgene inside a 
closed vessel, and after cooling to 0° C, breaking the bottle and shaking, decomposition of the phosgene is 
complete in barely 20 seconds. 

Although the hydrolytic reaction is irreversible, the products formed in the reaction retard further decomposition of 
the phosgene. 

Thus in the case of gaseous phosgene, the carbon dioxide formed, being sparingly soluble, immediately saturates 
the surface layer of the water with which it is in contact and the greater part remaining in the gaseous state forms an 
inert layer over the liquid preventing further attack of the phosgene. In the case of liquid phosgene, it is the 
hydrochloric acid which slows down further decomposition by saturating the water in immediate contact. 

It seems, therefore, that such retarding action depends principally on the diffusion in the water of the products of 
hydrolysis, which by not diffusing rapidly form a sort of protective layer against further decomposition of the 
phosgene. As soon as the products diffuse away into the water, further hydrolysis becomes possible. 

The property of retarding the reaction between phosgene and water is not specific for hydrochloric acid, but is 
common to all acids. 

Phosgene, may be considered as carbonic acid chloride, is very reactive, like all acid chlorides. 

It reacts easily with bases; for instance, with sodium hydroxide it forms sodium chloride and sodium carbonate. 


COCI, + 4NaOH = 2NaCl + Na,CO, + 2H,0. 


It reacts with calcium hydroxide similarly. Soda lime is also a good neutralizing agent for phosgene and has been 
employed for this purpose in the antigas niters of respirators. 

Phosgene does not react with hydrobromic acid even when heated to 200°C, but hydriodic acid when passed 
together with phosgene through a glass tube 6 m. long, reacts at ordinary temperatures with separation of iodine 
derived from the decomposition of iodophosgene. 

In the absence of water, phosgene reacts quantitatively with sodium iodide in acetone solution according to the 
equation: 


COCI, + 2NaI = CO + I, + 2NaCl. 


This reaction is rapid and makes possible the determination of small quantities of phosgene in mixed gases. 
Phosgene reacts similarly in contact with an acetone solution of lithium bromide: 


COCI, + 2LiBr = CO + 2LiCl + Br, 


. .and, according to Perret, this reaction can be employed for the quantitative determination of phosgene by 
measuring the volume of carbon monoxide formed. In this determination, the bromine does not interfere as it 
gradually combines to form bromoacetone Chlorobromophosgene is formed by the action of aluminum bromide or 
boron bromide on phosgene at 140°C.: 

Cl 
cot 


Br 


This is a liquid with a boiling point of 25°C. and specific gravity 1.82 at 15°C. 
Phosgene also reacts with ammonia, aniline, dimethyl aniline, etc. With ammonia it forms urea. 


1 HNH, NH, 
cot + = CO +2 HCl 
Cl HNH, NH, 


With aniline, diphenyl urea is formed: 
1 2HNH-C,H; NH-C,H, 
on = CO + 2(C,H,NH, . HCl 
Cl 2HNH-C,H; NH-C,H, 


The reaction of phosgene with aniline, according to Kling and Schmutz takes place more rapidly than that with 
water, and, according to Vies,6 phosgene in contact with a saturated aqueous solution of aniline at 0°C. reacts 
almost only with the aniline. 
A method of analysis of phosgene has been based on this reaction. 
Phosgene reacts with sodamide even at the ordinary temperature, according to the equation. 

COCI, -+ 3NaNH, = NaCNO + 2NaCl + 2NH,. 
At a higher temperature, about 250°C, the reaction follows a different course: 


COCl, + 5NaNH, = Na,CN, + 2NaCl + NaOH + 3NH,, 


Phosgene acts on dimethyl aniline at ordinary temperatures to give tetramethyl diamino benzophenone, or Michler's 
ketone: 


H,N(CH. C,H, . N(CH, 
e C, 5s N( se co( er | ( ae 2 HC 


Cl C,H,N(CH,) C,H, . N(CH,), 
This is a crystalline substance, melting at 173°C, insoluble in water but soluble in the common organic solvents. 
In presence of excess phosgene and heating to 50°C, beta-dimethyl amino benzoyl chloride is formed: 
1 CH, . N(CHs)2 
CO( + C,H;N(CH,), = CO + HCl 
1 Cl 
The reaction of phosgene with dimethylaniline when carried out in the presence of aluminum trichloride or zinc 


chloride gives Crystal Violet. With hexamethylene tetramine, or urotropine, an addition compound of the following 
formula is obtained: 


COCI,.2(CH,).Na: 


Phosgene reacts with pyridine forming a yellow crystalline substance of the formula CsHsN(Cl).CO.(CI)DNCsHs, 
which is decomposed by water with formation of carbon dioxide according to the equation: 


+2 HCl 


C,H,N(Cl) .CO.(CI)NC,H, + H,O = 2(C,H,N.HCI) + CO, 
The course of the reaction of phosgene with alcohols and phenols is also interesting. With phenols it can react in 
two ways, according to the proportions of the two substances present. 
With one molecule of phenol and one of phosgene, phenyl chloroformate is formed: 
1 1 
ab = CO + HC 
1 HOCH; O . GH; 
. .and with two molecules of phenol, phenyl carbonate: 
Cl OH-CH, . C,H, 
coq. + = CO 
Cl OH-CH, O. CH; 
Because of this peculiar behavior, sodium phenate is used as neutralizing agent for phosgene in niters. Alcohols 
react with phosgene in a similar manner to phenols; for example, with one molecule of methyl alcohol, methyl 
chloroformate is formed: 
Cl Cl 
co(. # > cot + HCl 
1 HOCH, O - CH, 


. . and with two molecules, methyl carbonate: 


Cl HOCH. OCH, 
coK ef : -+co¢ +2HCI 
Cl HOCH, OCH, 


The latter is a colorless liquid of agreeable odor, boiling at 90-6° C. and with a density of 1.065 at 17°C. Tt melts 
after freezing at -0.5°C. It is stable to water and is miscible with acids and alkalies. Though insoluble in water, it is 
soluble in most organic solvents. It is transformed into hexachloromethyl carbonate or triphosgene by chlorinating 
agents. 

Phosgene, when left in contact with acetone for about half an hour and then distilled, forms isopropenyl 
chloroformate according to the following equation, in which acetone is represented by its enolic formula: 


CH, CH, 
e. OH + Coc, ae . OCOCI + HCI 
CH, CH, 


Isopropenyl chloroformate is a liquid, b.p. 93°C. at 746 mm. density 1.103 at 20°C, having an irritating odor and 
powerful lachrymatory properties. 

In presence of aluminum trichloride, phosgene reacts with ethylene dissolved in carbon disulphide, forming beta- 
chloropropionic chloride as well as polymerization products of ethylene. By the action of phosgene on ethylene 
glycol at ordinary temperatures, glycol carbonate is formed Tete to the equation: 


CH,OH 
buon * oo = | 


Glycol carbonate is a liquid boiling at 238°C. at a pressure of 759 mm. and at 152°C. at 30 mm. It is soluble in hot 
water and volatile in steam, soluble in benzol, but in alcohol only with difficulty, soluble in petroleum ether and 
also in carbon disulfide. 

In the presence of substances like pyridine, which are capable of absorbing the hydrochloric acid formed in the 
reaction, phosgene reacts with glycerol to form glycerol carbonate. 

By bubbling gaseous phosgene through ethylene monochlorohydrin at 0°C, beta-chloroethyl chloroformate 1s 
formed a colorless, irritating liquid, b.p. 152-5°C. at 752 mm. Its density at 20°C. is 1.3825. Insoluble in cold 
water; hot water and alkaline solutions hydrolyze it. 


cl 
cod 
H,CH,Cl 


. .a colorless, irritating liquid, b.p. 152-5°C. at 752 mm. Its density at 20°C. is 1.3825. Insoluble in cold water; hot 
water and alkaline solutions hydrolyze it. 
At ordinary temperatures gaseous phosgene reacts with alpha-monochlorohydrin, forming the corresponding 


carbonate: 
CH, 
l co 
CHO 


baci 

. .a colorless, heavy liquid, b.p. 156-157°C. at 10-12 mm. Density 1.55 at 20°C. Sparingly soluble in water. 

In the dry state phosgene has little or no action on most of the metals, but in the presence of moisture it has a 
powerfully corrosive action because of the formation of hydrochloric acid. 

It is interesting to note German’s findings with regard to its action on aluminum. According to this worker, 
phosgene reacts with aluminum because the aluminum trichloride which is formed is soluble in phosgene. German 
was also able to demonstrate that in the presence of aluminum trichloride those metals whose chlorides form 
soluble double salts with aluminum trichloride also react with phosgene. 
At temperatures between 350° and 650°C. phosgene reacts with metallic oxides, forming carbon dioxide and the 
corresponding chlorides. 
Rubber is rapidly attacked by phosgene. 
Phosgene is stored in cylinders like liquid chlorine. Iron containers, which have been used for long periods for the 
storage or transport of phosgene often contain a small quantity of a yellowish-red, heavy liquid which has been 
found to be iron pentacarbonyl (Patern). 
Activated carbon has a high sorptive capacity for phosgene. 


CO + 2 HCl 


Its capacity for absorbing such substances from their mixtures with air depends on various factors: the quality and 
the quantity of the carbon, the humidity, the concentration of the gas mixture, the velocity of the gas through the 
carbon, etc. 

Concerning the influence of the humidity in the air and the carbon, the following results have been obtained: 
Phosgene in contact with carbon is hydrolyzed by moisture with formation of hydrochloric acid. 

The capacity for sorption at various phosgene concentrations, with dry carbon and dry air, follows Freundlich's 
equation. 

With dry carbon and air containing an excessive humidity it is found that the carbon contains a hydrolyzing layer, a 
hydrochloric-acid-absorbing layer and a phosgene-absorbing layer. 

The time of resistance of the carbon increases up to a certain point with the moisture content of the carbon, since it 
dissolves the hydrochloric acid, which forms. For small amounts of moisture the carbon layer first absorbs the 
hydrochloric acid, with high moisture content the phosgene first. 

Dry active carbon has protracted resistance if the air is high in humidity and low in phosgene concentration. 

The values of the sorptive powers for phosgene of activated carbon of various moisture-contents have been 
determined by Engelhardt. 

Materials which have been exposed to phosgene may be decontaminated by exposure to air and, if necessary, 
washing with a 10% solution of soda. 

The action of phosgene on foodstuffs differs according to whether foods of high water-content, like fresh meat, 
milk, beer, wine, etc., are being considered, or those poor in water like wheat, flour, coffee, etc. Those foodstuffs 
which are high in water content absorb phosgene in large quantities and decompose it into hydrochloric acid and 
carbon dioxide. Fresh meat may remain edible according to the quantity of hydrochloric acid it contains. The drier 
foodstuffs can be made wholesome by exposure to a current of dry, warm air. 

The absorption of phosgene by fats and its energetic action on the membranes of the lungs is attributed by Kling to 
a possible reaction between the gas and the sterol existing in the fat of the lungs. In fact, phosgene reacts with 
cholesterol forming the chloroformic acid ester, which forms crystals melting at 108° to 110°C. 

According to the researches of Laqueur and Magnus, the irritating power of phosgene on the mucous membranes 
and on the respiratory tract is very small, but the suffocating power great. 

The mortality-product, according to Meyer, Hofmann and others is 450. This value is, however, considered to be 
too low; recent experiments have demonstrated that it ranges for cats from 900 (Flury) to the figure (obtained by 
exposure to low concentrations of 5-7 mg. per cu. m.) of 3,000 (Wirth). This fact demonstrates, according to Wirth, 
that phosgene at very low concentrations behaves like substances of the hydrocyanic acid type with regard to 
mortality-product. According to American experiments, the mortality-product of phosgene is higher even than 
those already cited, and for dogs actually reaches 5,000 for an exposure time of 10 minutes. 


2. Carbonyl Bromide. COBr2. (M.Wt. 1878) 

Carbonyl bromide, or bromophosgene, was prepared for the first time by Emmerling by the oxidation of 
bromoform with potassium dichromate and sulphuric acid. Later it was also obtained by heating boron bromide to 
150°C. with phosgene, but by this method a mixture with other compounds is obtained: 


2COCl, -+ BBrs = COBr, -+- COCIBr +- BCl,. 


It is formed in small quantity also from carbon monoxide and bromine, in the presence of aluminum trichloride or 
by the action of the dark electric discharge: 


CO + Br, = COBry. 


The most suitable method for the preparation of carbonyl bromide consists in treating carbon tetrabromide with 
sulfuric acid in a similar manner to Erdmann's preparation of phosgene. 


CBr, + SO, = COBr, + SO,Br,. 


LABORATORY PREPARATION 

100 gm. carbon tetrabromide are placed in a small flask fitted with a reflux condenser and warmed until it is 
completely melted. Then 90 ml. concentrated sulphuric acid (S.G. 1.83) are allowed to enter very slowly in drops, 
and the whole heated to 150° to 170°C. At the end of the reaction the mass is distilled, and the distillate, which is 
brown in color because of the presence of bromine, is purified by addition of mercury in small portions, shaking 
and freezing. A further purification is effected by adding powdered antimony in small portions. It is distilled under 
reduced pressure in an all-glass apparatus with glass-to-glass connections. The product obtained is kept over 
antimony or silver powder ina sealed vessel. Yield 44%. 


PHYSICAL AND CHEMICAL PROPERTIES 

A colorless, heavy liquid of characteristic odor perceptible at great dilutions. It boils at ordinary pressure at 64° to 
65°C, with incipient decomposition. Specific gravity about 2.5 at 15°C. 

Carbonyl bromide easily decomposes under the influence of light and heat, liberating bromine, according to the 
equation: 


COBr, ='CO + Br,. 


This decomposition is accelerated by the presence of extraneous organic substances. 
Tt is hydrolyzed by water: 


COBr, -- H,O = 2HBr + CO,. 


This reaction, according to Schumacher, takes place more slowly than in the case of phosgene. 
It reacts easily with bases, as, for example, with sodium hydroxide, to form sodium bromide and carbonate: 


COBr, + 4NaOH = 2NaBr + Na,CO, + 2H,0. 


With dimethylaniline in presence of aluminum tribromide, a colored substance of the Crystal Violet type is formed. 
The vapor of carbonyl bromide attacks rubber, rendering it hard and brittle. 
Its physiopathological action is very similar to that of phosgene. 


3. Chloroformoxime. 


Cl 
Sc = NOH, 
HY’ 
This substance was obtained for the first time by Nef in 1894 by the action of sodium fulminate on hydrochloric 
acid. It was prepared by Scholl in a similar manner: 


cl 
C-NONa + 2 HCl = “dCNOW + NaCl 


LABORATORY PREPARATION 

A solution of sodium fulminate cooled to 0°C. is allowed to drop into 150 ml. of an aqueous solution of 
hydrochloric acid (1 part water and 1 of conc. hydrochloric acid) also at 0°C. It is immediately extracted three 
times with ether and distilled (Nef). 


PHYSICAL AND CHEMICAL PROPERTIES 

It is obtained in the form of crystalline needles. Its odor is similar to that of hydrocyanic acid. 

It is stable at 0°C, almost insoluble in petroleum ether, slightly soluble in carbon disulphide and easily soluble in 
other organic solvents and in water. The aqueous solution decomposes in time. 

Small quantities completely volatilize at the ordinary temperature. Large quantities decompose spontaneously with 
evolution of heat forming carbon monoxide and hydroxylamine hydrochloride (Nef). 

Treated for an hour with concentrated hydrochloric acid, it decomposes with quantitative formation of 
hydroxylamine. 

With silver nitrate it reacts according to the equation: 


cl 
C-NOH + 2 AgNO, = AgNO-C + AgCl + 2 HNO, 


An aqueous solution of chloroformoxime reacts with sodium hydrate and with ammonia, forming meta-fulminuric 
acid; treated with ferric chloride it gives an intense red coloration. 
It possesses lachrymatory and vesicant properties. 


4. Dichloroformoxime. 


Dichloroformoxime, the oxime of carbonyl chloride, was prepared in 1929 by Prandtl and Sennewald by the 
reduction of trichloro nitroso methane, with hydrogen sulfide according to the equation: 


Cl 
CCLNO + H,S = _)C-NOH 4$+4HC 


Instead of hydrogen sulfide, aluminum amalgam may be employed as reducing agent. 
Dichloroformoxime, like the corresponding dibromoformoxime, can also be prepared by treating fulminic acid with 
chlorine in the cold. 


PREPARATION FROM TRICHLORONITROSOMETHANE (PRANDTL) 

To a known quantity of trichloronitrosomethane is added a solution, saturated at ordinary temperature, of hydrogen 
sulfide in methyl alcohol (0.25 gm. H2S in 10 ml. alcohol at 15° C), 10 ml. being added for each gramme of 

trichl oronitrosomethane. 

The mixture is allowed to stand for several hours in a closed vessel until the blue color of the nitroso compound 
disappears. 

Tf excessive heating takes place during this time, the vessel should be occasionally cooled by immersion in cold 
water. At the end of the reaction the product is treated with water and filtered from sulfur. It is then extracted with 
ether, dried over calcium chloride and distilled under reduced pressure. The oxime distils between 50° and 70°C. at 
20 mm. of mercury. 


PREPARATION FROM MERCURY FULMINATE 

A current of chlorine is bubbled through a suspension of 38 gm. mercury fulminate in 500 ml. semi-normal 
hydrochloric acid which is meanwhile stirred for 1 to 2 hours. The product is twice extracted with ether, the solvent 
evaporated and the oily residue distilled under reduced pressure. At a pressure of 15 mm. the distillation 
commences at 23° C, and after the first fraction has come over, the thermometer rises to 30°C. and 
dichloroformoxime begins to crystallize in the condenser. This is then replaced by a receiver cooled in ice. 
Dichloroformoxine distils between 32° and 35°C. at 15 mm. Yield about 65%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Dichloroformoxime forms colorless, prismatic crystals melting at 39° to 40°C. Even at ordinary temperatures it has 
a high vapor pressure. It boils at normal pressure at 129°C. and at 28 mm. of mercury at 53° to 54°C. It has a 
penetrating, unpleasant odor. 

It is a relatively stable substance, soluble in water and in the common organic solvents. Slow hydrolysis takes place 
in aqueous solution, according to the equation: 


Ch 
_PoNOH 4.2 H,0 = CO, + HCl + NH,OH.HC! 


This hydrolysis is accelerated and becomes quantitative in presence of dilute acids. 

On raising to its boiling point under reflux, dichloroformoxime gradually decomposes to give brown vapors; 
cyanogen chloride and hypochlorous acid are formed in the decomposition. 

The alkaline hydroxides and carbonates react energetically with an aqueous solution of dichloroformoxime, and 
heat is evolved, while the solution turns yellow. 

It reacts with ammonia even at the temperature of liquid air, forming ammonium chloride. By the action of aqueous 
ammonia on an ethereal solution of dichloroformoxime, cyanamide chloroformoxime is formed together with other 
products, according to the equation: 


cl CN-NH 
6 opPoNOH 4+14NH, =3 qPCNOH-+9NHC+3 HO+N, 


This substance forms colorless crystals melting at 168°C.; it has no vesicant power. 
By the action of hydrazine on an aqueous solution of dichloroformoxime, hydrocyanic acid is formed by the 
following equation: 


Cl 
2 opo-NOH +2N,H, = 2HCN+2N,+4HC+2H,0 


With fuming nitric acid it is transformed into dichlorodinitromethane: 
Cl Cl 

C=-NOH — YCONO,), 
Cl Cl 


.. .a liquid boiling at 40°C. at a pressure of 12 mm. 

On treatment with copper acetate a small quantity of a tarry precipitate forms. Ferric chloride gives no coloration 
with dichloroformoxime, unlike chloroformoxime. 

Dichloroformoxime, even when stored in sealed vessels of glass or quartz, decomposes at ordinary temperatures 
with formation of phosgene and separation of a liquid compound. 

The decomposition is practically complete in 3-4 weeks, but is influenced by humidity and temperature. The vapor 
of dichloroformoxime attacks rubber and cork. 

It has a violently irritant action on the mucous membrane of the nose and on the eyes. The vapor of this substance, 
even in very low concentrations, provokes lachrymation. 

When it comes into contact with the skin it produces inflammation and blisters, which can be prevented by treating 
the affected part immediately with plenty of aqueous ammonia (Prandt). 


5, Oxalyl Chloride. (M.Wt. 126-9) 
co—Cl 


CO—C1 
Oxalyl chloride was prepared by Fauconnier in 1892 by heating ethyl oxalate with phosphorus pentachloride. The 
product obtained in this way, however, is impure with phosphorus oxychloride. 
It is obtained in better yield and greater purity by the action of phosphorus pentachloride on oxalic acid: 


COOH cocl 
+ PCI, = & + POCI, + H,O 
OOH OCl 


PREPARATION 

90 gm. anhydrous powdered oxalic acid are mixed with 400 gm. pulverized phosphorus pentachloride, cooling in 
ice. The mixture is allowed to stand for 2 or 3 days at the ordinary temperature until the mass is completely 
liquefied. It is then fractionally distilled; the portion distilling between 60° and 100°C. contains the oxalyl chloride. 
By repeated rectification it is obtained completely free from phosphorus oxychloride. Yield about 50%. 


PHYSICAL AND CHEMICAL PROPERTIES 
A colorless liquid, boiling at 64°C. It solidifies on cooling to 12°C. to a white crystalline mass, soluble in ether, 
chloroform, etc. In contact with water or alkaline solutions it decomposes quantitatively according to the equation, 


CO-Cl 
bo-c1 


This reaction can be used for the quantitative determination of oxalyl chloride by measuring the volume of the 
carbon monoxide or by titrating the hydrochloric acid formed. 

Like other derivatives of oxalic acid, heating splits off carbon monoxide. By passing oxalyl chloride vapor through 
a tube | m. long heated to 600°C. quantitative decomposition takes place: 


+ H,O = CO, + CO +2 HCl 


cocl 
k = CO + COC, 
oc! 


Oxalyl chloride decomposes in a similar manner when exposed to ultra-violet radiation or when heated in carbon 
disulfide solution with aluminum chloride. 

It is stable to fuming sulphuric acid even when heated. 

Oxalyl chloride reacts with organic compounds in various ways: 

As an acid chloride, that is, retaining the grouping —CO—CO-—, to form the corresponding ethers2 from alcohols 
and the oxamides from amines. 

Like phosgene, as in the decomposition by heat or in presence of aluminum chloride; thus it reacts with 
dimethylaniline forming Crystal Violet. 

As chlorinating agent, it chlorinates aldehydes and ketones and reacts with acids in the cold, though better on 
heating, to form the acid chlorides, etc. 

By passing oxalyl chloride vapor through a solution of aniline, oxanilide is obtained in quantitative yield 
(Staudinger). 

It does not react with zinc, mercury, silver or magnesium. 

Oxalyl chloride vapors strongly attack the respiratory organs. 


Analysis of the Acyl Halogen Compounds 


DETECTION OF PHOSGENE 

Phosgene may be recognized by its odor. The minimum concentration detectable by odor is 4 mgm. per cu. m. of 
air, according to Suchier. 

By the use of chemical methods phosgene can also be detected by one of the usual tests for the hydrochloric acid 
formed by hydrolysis of the vapor. 

Following are the methods usually adopted for detecting phosgene: 

Method using Dimethyl Amino Benzaldehyde—Diphenylamine Paper. Phosgene, even if present in traces in the air, 
can be detected by means of papers prepared with dimethyl amino benzaldehyde and diphenylamine. 

These papers are prepared by immersing strips of filter paper in a solution of 5 gm. beta-dimethyl-amino- 
benzaldehyde and 5 gm. diphenylamine in 100 ml. ethyl alcohol and allowing them to dry in a dark place, or better 
still, according to Suchier, in an atmosphere of carbon dioxide. By exposing these papers, which are originally 
white or pale straw yellow, to an atmosphere containing phosgene, an orange-yellow coloration is produced in a 

few seconds, the intensity of the color varying with the concentration of phosgene. This change of color is also 
observed in presence of chlorine or hydrochloric acid. 

It is possible to detect phosgene at a concentration of 4 mgm. per cu. m. of air. The test-papers should be kept in a 
closed container filled with carbon dioxide and protected from light, as it seems that the color changes merely by 

the action of sunlight. 

Method using Nitroso-dimethylaminophenol Paper. Two solutions are prepared in xylene: 

(a) 0.1 gm. 1.3.6-nitroso-dimethylaminophenol in 50 ml. xylene. 

(b) 0.25 gm. m-diethyl-aminophenol in 50 ml. xylene. 

5 ml. solution (a) are mixed with 2 ml. solution (b) and strips of filter paper immersed in the mixture and allowed to 
dry. 

The paper should be damped with 50% alcohol just before use as the dry paper does not give the test. In the 
presence of phosgene the color changes from white to green. 

These papers are specific for phosgene | and are more sensitive than the dimethyl amino benzaldehyde papers. 
Sensitivity: 0.8 mgm. of phosgene per cu. m. of air. 

The two solutions (a) and (b) may be kept mixed for not more than 4 days. 

Kling and Schmutz's Method. This method of detection depends on the ease with which the two chlorine atoms in 
phosgene react with the amino group of aniline: 


g 6745 2 ‘ H 
Cl NHC,H, 


This leads to the formation of symmetrical diphenylurea in the form of rhombic prisms,4 with a m.p. 236°C. This is 
insoluble in water. The reaction has the advantage of being specific for the CO group united to two chlorine atoms. 
In practice, in order to detect phosgene mixed with air or other inert gas by this method, it is sufficient to bubble the 
gas mixture under test through a few ml. of water saturated with aniline in the cold (3 gm. aniline in 100 ml. water). 
A white crystalline precipitate forms which can be easily seen, and, if necessary, confirmed by microscopic 
examination (rhombic prisms) or by a determination of the melting point (236°C). 

According to Kling, by passing 5 liters of a gas mixture (phosgene and air) through aniline solution at a velocity of 
about 200 ml. a minute, it is possible to detect phosgene at a concentration of 40 mgm. per cu. m. of air. 


The sensitivity of this method of detection can be increased, according to Olsen, by employing an aqueous solution 
of aniline saturated with diphenylurea. 


DETECTION OF PHOSGENE IN PRESENCE OF HALOGENS 

If the phosgene is mixed with halogens, e.g., chlorine or bromine, the latter may oxidize the aniline and so render 
the diphenylurea crystals impure. In this case it is necessary to pass the gas through a reagent, which will remove 
them. This is carried out by inserting before the vessel containing the aniline a tube containing cotton wool soaked 
in a concentrated solution of potassium iodide and allowed to dry. In this way the chlorine and bromine deposit 
iodine which remains in the cotton wool, while the phosgene passes on unaltered. 


QUANTITATIVE DETERMINATION OF PHOSGENE IN AIR 

Kling and Schmutz's Method. This method depends on the reaction between phosgene and aniline, which has 
already been described. 

In order to carry out this determination, a volume of 1.5 liters of the gas mixture to be examined is passed through a 
bubbler containing water saturated with aniline. With gas mixtures containing more than 2% phosgene it is 
necessary to use a second bubbler to absorb any slight traces of phosgene which may escape the first. The 
precipitate which forms is collected on a small disc of filter paper supported on a spiral of platinum wire in the neck 
of a funnel. It is washed four or five times with the smallest possible amount of water in order to remove the aniline 
and then dried in an oven at 50° to 60°C. for 2 hours so that the last traces of aniline are removed. 

If the precipitate is large enough to be weighed (more than 10 mgm.), it is dissolved from the filter with boiling 
alcohol, collecting the nitrate in a tared platinum capsule. After evaporating the nitrate on a water bath, the residue 
is dried at 50° to 60°C. for 2 hours and weighed. The quantity of phosgene present in the volume of air taken is 
obtained by multiplying the weight of the precipitate by 0.467. 

If, however, the precipitate of diphenylurea is too small to weigh accurately, it is converted to ammonia and 
determined calorimetrically by the Nessler method. In this procedure, the filter paper is removed from the funnel 
and placed in a small beaker; 4 ml. pure sulphuric acid (66°Be) are added, allowing this to flow slowly over the 
platinum spiral and through the funnel so as to wash off all traces of adherent precipitate. To the mixture obtained 
in this way 10 mgm. mercuric sulfate are added and the whole is then kept near boiling temperature for 2 hours. 
After allowing to cool, 20 ml. distilled water are added and the mixture is transferred to a 200-ml. flask containing 
0.25 gm. sodium thiosulfate dissolved in 100 ml. water to remove the mercury. The beaker is washed with water 
which is added to the contents of the flask until the total volume is about 150 ml. and the ammonia determined in 
this. 

The authors recommend carrying out this determination in a small distillation apparatus (Aubin type) and liberating 
the ammonia by means of magnesium oxide. About 70 ml. liquid is distilled into 25 ml. water containing 1 ml. 
decinormal hydrochloric acid. The distillate is then made up to 100 ml. and the ammonia determined in it by adding 
a few drops of recently prepared Nessler reagent. A solution of ammonium chloride containing 0.324 gm. NHsC1 
per liter is used for comparison. 

| ml. of this solution corresponds to 0.3 mgm. COC. 

This method of determination of phosgene with aniline gives results, which are slightly low because the precipitate 
of diphenylurea is slightly soluble in water (5 mgm. in 100 ml. saturated aqueous aniline solution). According to 
Olsen, more accurate results may be obtained by employing an aniline solution saturated with diphenylurea, 
prepared by passing phosgene into water saturated with aniline until a slight precipitate forms and filtering this off 
so as to obtain a clear liquid. 

According to Vies, instead of determining the diphenylurea gravimetrically, the aniline hydrochloride formed in the 
nitrate may be titrated: 


COCI, + 4C,H;NH, = CO(NHC,H,), + 2C,H,NH,.HCI. 


Kling and Schmutz's Method, Modified by Yant. A known volume of the gas mixture to be examined is passed 
through a solution of aniline prepared in the following manner: an excess of aniline is placed in water contained in 
a flask which is then stoppered, and, after shaking, allowed to stand for about a week, shaking two or three times a 
day. Then phosgene is bubbled through the solution until a permanent precipitate of diphenylurea is obtained. A 
portion of the reagent is filtered through a Gooch crucible just before the test when the fitrate is ready for use. 
Analytical procedure: After passing the desired volume of the gas mixture through two absorption bottles in series 
containing the aniline solution, the latter is allowed to stand for 2 hours and then filtered through a weighed Gooch. 
The precipitate which remains in the bubbler tubes is washed out with hot alcohol. The alcoholic solution obtained 
is evaporated almost to dryness in a small beaker on the water bath, then a few ml. of water added and the 
evaporation continued until at last there is no longer any odor of alcohol. This solution is filtered through the same 
Gooch and the entire precipitate washed with normal hydrochloric acid saturated with pure diphenylurea. Air is 


dried at 70° to 80°C. to constant weight. The precipitate is then dissolved from the crucible by washing several 
times with boiling ethyl alcohol, the alcoholic solution being evaporated and then dried in an oven at 70° to 80° to 
constant weight. 

From this weight the quantity of phosgene in the gas mixture may be calculated. 

For determining phosgene in the atmosphere after extinction of a fire by means of an extinguisher of the carbon 
tetrachloride type, Yant has proposed the apparatus shown in Fig. 4. The sample to be examined is passed first 
through a purifier consisting of a U-tube of 5 cm. diameter with one arm 22 cm. long and the other 30 cm. This 
Tube is filled as follows: in the more constricted part between the two arms a little cotton wool is placed, and over 
this, in the short arm of the tube, a layer 12 cm. thick of calcium chloride in small granules while over this again is 
6 cm. cotton wool. In the long arm first a layer of spongy tin amalgam 10 cm. thick, then a layer 3 cm. thick of 
spongy tin, and finally a 15 cm. layer of zinc sponge, are introduced. The gas mixture is passed at a velocity of 1 
liter a minute through two bubblers containing 25 ml. of an aqueous solution of aniline prepared as described. 
Hydrochloric acid and chlorine do not interfere with the determination of phosgene by this method. 

Delepine, Douris and Ville's Method. This method depends on the hydrolysis of phosgene by sodium hydroxide 
and the titration with silver nitrate of the hydrochloric acid formed. 

By means of an aspirator, a known volume of the gas mixture to be tested (2-5 liters in 4-10 minutes) is passed 
through 10 ml. of an aqueous alcoholic solution of soda prepared in the following way: 


Sodium hydroxide, normal solution . » Ioml, 
95% alcohol . ; : ‘ ; . 50m. 
Made up with water to 100 ml. 


After the passage of the gas the liquid is evaporated in a platinum (or porcelain) capsule on the water bath to a 
volume of 2-3 ml. and then 2 drops of acetic acid are added and the evaporation continued almost to dryness. The 
residue is re-dissolved in 2-3 ml. water and again evaporated to dryness to decompose the sodium biacetate which 
is formed. The residue is once more dissolved in 2 ml. water, a drop of potassium chromate solution added and then 
titrated with N/40 silver nitrate. It is advisable to carry out a blank determination. 

The amount of phosgene present in the sample is calculated from the number of ml. of N/40 silver nitrate solution 
employed in titration. 

This method can be improved, according to Matuszak, by acidifying the alkaline solution with nitric acid and 
boiling in order to remove the carbon dioxide before neutralizing and titrating. Also, according to the same author, 
in the case of the analysis of a gas mixture containing halogenated hydrocarbons, it is advisable to substitute an 
aqueous solution of sodium hydroxide. This absorbs the phosgene completely, is more stable and has the advantage 
of absorbing less of the halogenated hydrocarbons than the alcoholic solution. 

The Sodium Iodide Method. The determination of phosgene by this method, due to the Chemisch-Technischen 
Reichsanstalt, is carried out by titrating the iodine liberated when a gas mixture containing phosgene but free from 
acid gases, reacts with a solution of sodium iodide in acetone. The reaction is as follows: 


2NalI + COCI1, = CO + I, + 2NaCl. 
The gas mixture to be examined is passed through a gas pipette (see Fig. 5) of about 500 ml. capacity until the air in 
bulb E is completely replaced by gas. Taps B and C are closed, the bulb D is completely freed from the gas mixture 
and 25 ml. of a 2% solution of sodium iodide in acetone are introduced into it. The tap A is then closed and the 
sodium iodide solution allowed to run down into the bulb E after which the liberated iodine is titrated with N/10 or 
N/100 sodium thiosulfate solution in presence of starch paste. 
As the reaction between sodium iodide and phosgene proceeds quantitatively only in absence of water, the sodium 
iodide should be dissolved in acetone which has been dried for several days over calcium chloride. 
According to Matuszak it is preferable to use potassium iodide rather than sodium iodide. (A saturated solution in 
acetone contains about 1.9% of potassium iodide.) In order to determine phosgene in a gas mixture containing 
chlorine and hydrochloric acid by this method it is necessary to pass the gas mixture first through three U tubes. 
The first of these (that is, the one which the gas mixture first enters) contains calcium chloride, the second metallic 
antimony, and the third zinc dust. 
If Kolliker's apparatus is used to determine phosgene in presence of hydrochloric acid, zinc dust cannot be used as 
it has too great a resistance. 
In this case the gas mixture to be tested is first passed through a wash bottle containing a sulfuric acid solution of 
silver sulfate (3 gm. in 100 ml. sulphuric acid of §.G. 1.84) and then through the acetone solution of sodium iodide. 
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DETERMINATION OF PHOSGENE IN INDUSTRIAL PRODUCTS 

About 0.2 to 0.3 gm. phosgene is accurately weighed in a glass bulb sealed in the flame. This bulb is then 
introduced into a bottle of 250 ml. capacity in which 150 ml. of an aqueous solution of aniline have previously been 
placed (26 gm. aniline in | liter of water). 
The bottle is tightly closed and shaken so as to break the bulb. A flocculent white precipitate of diphenylurea forms 
immediately. After allowing to stand for 2 hours, the liquid is filtered through a Gooch crucible. preventing the 
broken pieces of the bulb from entering the crucible as far as possible, washed with 50-60 ml. cold water, dried at 
70° C. and weighed. 
As this precipitate always contains some fragments of glass it is advisable to re-dissolve the diphenylurea from the 
crucible with boiling acetone, then drying the crucible in an oven, heating it to 400°C. and reweighing. The 
difference between the two weights, multiplied by 0.467, gives the weight of phosgene contained in the gas sample 
employed. 

It should be noted that the reaction between phosgene and aniline takes place only in presence of an excess of the 
latter. 


DETERMINATION OF FREE CHLORINE IN PHOSGENE 

In the synthetic preparation of phosgene from chlorine and carbon monoxide, some free chlorine may remain 
dissolved in the phosgene. 

Various methods have been suggested for the determination of free chlorine in phosgene. The most commonly used 
method is that of Delepine, in which 500 ml. dilute sodium hydroxide solution are placed in a vessel closed with a 
ground-glass stopper, and a glass bulb containing a weighed quantity of the phosgene to be tested is dropped in. 
The bulb is broken, and after a few minutes an alkaline solution of sodium iodide is added and the liquid acidified. 


If the phosgene contains any free chlorine, this liberates an equivalent quantity of iodine, which is titrated with 
thiosulfate solution. 

Recently Nenitzescu has described another method, which allows the simultaneous determination of chlorine and 
phosgene. 

It is based on the separation of chlorine from phosgene by passage of the mixed gas through metallic antimony and 
absorption of the phosgene by an alcoholic potash solution. 

The mixture to be examined is passed through a U-tube filled with metallic antimony and previously weighed 
(about 20 gm.). 

The antimony absorbs the chlorine quantitatively without reacting with the phosgene. The residual gas is passed 
into a Fresenius potash bulb containing 20 ml. 10% alcoholic potash, and connected by glass to glass joints with the 
U-tube. The bulb tube of the Fresenius potash bulb is connected with a tube filled with silica gel to catch solvent 
vapor. The absorption of phosgene in the alcoholic solution of potash is complete. In order to displace all the 
phosgene from the apparatus a current of dry air is passed through at the end of the test. 

The difference in the weights of the antimony U-tube before and after the absorption gives the amount of chlorine 
present in the gas mixture. 

The difference in the weights of the potash bulb and the silica gel before and after the absorption gives the amount 
of phosgene in the sample. 


DETERMINATION OF HYDROCHLORIC ACID IN PHOSGENE 

In the synthetic preparation of phosgene, if the carbon monoxide is not perfectly dry or contains a trace of 
hydrogen, hydrochloric acid will be formed and will remain dissolved in the phosgene. 

If this acid is present in considerable quantity, it may be determined quantitatively by the gas-volumetric method of 
Berthelot, which consists in absorbing the hydrochloric acid in a small quantity of water. Measurement of the 
volume of the phosgene before and after the treatment with water gives the quantity of hydrochloric acid present in 
the sample. In this determination the hydrolyzing action of the water on the phosgene may be neglected, for the 
small quantity of phosgene hydrolyzed produces an equal volume of carbon dioxide. 


COCI, + H,O = 2HCl + CO,. 


It is, of course, obvious that this method cannot be employed for the determination of small amounts of 
hydrochloric acid in phosgene. 

In this case, use is made of the property of very dilute, gaseous hydrochloric acid of reacting with mercuric 
cyanide, liberating an equivalent quantity of hydrocyanic acid, while phosgene does not do this. 

Delepine and Monnot have worked out the following method from this difference in behavior: 5 gm. powdered 
mercuric cyanide and a glass bulb containing the phosgene are placed in a perfectly dry flask of 500-1,000 ml. 
capacity which is closed by a ground-glass stopper carrying two tubes, one leading to the bottom of the flask and 
the other projecting only a few cm. inside. The flask is evacuated by means of a mercury pump, the glass bulb is 
broken and the whole allowed to stand for 12-14 hours. At the end of this period, a vessel containing about 50 ml. 
2N. sodium hydroxide solution is connected between the pump and the flask, while the other tube from the flask is 
connected with a wash-bottle containing concentrated sulfuric acid. Dry air is slowly allowed to enter the flask to 
bring the pressure to atmospheric and then a current of air drawn through the whole apparatus at a speed of about 
twenty-five bubbles a minute for 8-9 hours. In this way the hydrocyanic acid and the phosgene are swept out in the 
air stream and bubbled through the alkaline solution, which completely absorbs them. 

At the end of the operation, 5 ml. of ammonia are added to the alkaline solution and 1 ml. 10% sodium iodide 
solution, after which the hydrocyanic acid present is titrated with N/20 silver nitrate solution. The number of ml. of 
silver nitrate employed, multiplied by 0.00365 gives the amount of hydrochloric acid present in the sample of 
phosgene employed. 


CHAPTER VII 
HALOGENATED ETHERS 


THE war gases belonging to this group may be considered as true ethers whose alkyl groups have a hydrogen 
substituted by a halogen atom. 

These compounds are usually prepared by the direct action of the halogens on the corresponding ethers. For 
example, from methyl ether and chlorine, dichloromethyl ether is obtained: 


H, CH,Cl 

Oo +2Cl +O - + 2HC) 
CH, CH,Cl 

However, in the particular case of the halogenated methyl ethers it is preferable, especially in their industrial 

manufacture, to commence with formaldehyde (or its polymers) and the hydrogen halide. In this case the reaction 


takes place in two stages; for instance, in the preparation of dichloromethyl ether, chloromethyl alcohol is formed 
first: 


CH,O + HC]—> CI—CH,OH, 
. .and then this in the presence of dehydrating agents is transformed into symmetrical dichloromethyl ether: 


CH,Cl 
CH,Cl 


The compounds of this group furnish a typical example of the influence exercised by the symmetry of the 
molecular structure on the aggressive power of the substances. It has been found experimentally that while the 


symmetrical ethers, 
H,Cl H,Br 
Oo and O 
CH,Cl H,Br 


.. .have a powerful irritant effect, the asymmetric ethers, which contain the same number of halogen atoms in the 


molecule, 
H CH 
o( : and of * 
CHCl, CHBr, 


.. .have no offensive properties whatever. Dichloromethyl and dibromomethyl ethers were used as war gases in the 
war of 1914-18, especially by the Germans. 

These substances have a high mortality-product, but very low irritant power. According to some workers, they act 
on the semicircular canals and produce staggering and vertigo; they have been, therefore, named "labyrinthic 
gases." ‘They have had little success, however, more particularly because of their great sensitivity to the 
hydrolyzing action of water. 

Since the war various higher homologues of dichloromethyl ether have been prepared and studied from the point of 
view of their offensive power. Among these, symmetrical dichloroethyl ether may be mentioned: 


" Garon 
CH,-CH,Cl 


This has a structure analogous to dichloroethyl thioether, or mustard gas, which has the formula: 


H,-CH,-Cl 
CH,-CH,-Cl 


2 CI-CH,OH —>H,O + of 


Dichloroethyl ether, though very similar in its chemical properties to the sulfur derivative, has very different 
physiopathological properties, being destitute of vesicant power. 

According to Hofmann this lack of vesicant power must be attributed to the fact that dichloroethyl ether, unlike 
dichloroethyl sulfide, cannot penetrate the epidermis. 


1, Dichloromethyl Ether (M.Wt. 11476) 


CH,Cl 
Oo 
CH,Cl 


Dichloromethyl ether is employed in war both as a war gas and as a solvent for other war gases (ethyl 
dichloroarsine, dichloroethyl sulfide, etc.). It was obtained for the first time by Regnault who brought about the 
reaction between methyl ether and chlorine by means of diffused sunlight. It is better prepared, however, by the 
action of hydrochloric acid on trioxymethylene: 


2(CH,O), + 6HCl = 3H,O + 3CICH,—-O—CH,Cl. 


The water produced in this reaction causes the gradual decomposition of the ether as it is formed, and for this 
reason, chlorosulfonic acid is used to replace the hydrochloric acid. 


The reaction is then as follows: 
| OCH,Cl 
cH,0 + s0,( = so,(° 
OH OH 


SO ‘ies 0 et 
2 > + H,SO,+ $ 
2 OH CH,Cl 20, + SO, 


It is also obtained by passing the vapor of monochloroacetic acid through a red-hot tube: 
CH,Cl C 1,C1 
H,Cl 


. . .and also by the action of phosphorus trichloride on trioxymethylene in presence of zinc chloride. 


+ H,O + 2CO 


LABORATORY PREPARATION 

30 gm. paraformaldehyde and 40 gm. 80% sulfuric acid (S.G. 1-73) are weighed accurately into a flask of about 
200 ml. capacity, which is closed by a two-holed stopper. Through one of the holes in the stopper a tap-funnel 
passes, and through the other a glass tube to lead the gas formed in the reaction to an aspirator. While agitating and 
cooling to 0° C. by means of a freezing mixture, 175 gm. chlorosulfonic acid are added drop by drop from the tap- 
funnel, care being taken that the temperature does not rise above 10°C. At the end of the reaction (1-2 hours) the 
product is poured into a dry separatory funnel, the upper oily layer separated and washed with dilute sodium 
carbonate, and finally distilled at normal pressure. Yield 80-90%. 


INDUSTRIAL MANUFACTURE 

In Germany, this ether was manufactured by the same method as that described above for the laboratory 
preparation: by the action of chlorosulfonic acid on formaldehyde. The reaction is carried out in iron vessels of 5 
cu. m. capacity (about 1,100 gals.), coated internally with acid-resistant material and fitted with stirring apparatus 
and lead cooling coils. 

1,200 kg. 70% sulfuric acid are first placed in the vessel and then 600 kg. paraformaldehyde added, continuous 
agitation being maintained and the temperature being kept at 5° to 10°C. 

The operation takes between 3 and 4 hours. Then 2,400 kg. chlorosulfonic acid are added very slowly (in about 48 
hours), the agitation being continued and the temperature kept between 10° and 15°C. At the end of the reaction the 
liquid forms two layers, the lower consisting of sulphuric acid and the upper the ether. Yield 90-95%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Dichloromethyl ether is a colorless liquid, boiling at 105°C. at ordinary pressure, and at 46°C. at 100 mm. mercury. 
The specific gravity is 1.315 at 20°C. The volatility is fairly high; at 20°C. it is 180,000 mgm. per cu. m. The 
density in the gaseous state is 3.9. 

It is insoluble in water, but dissolves in methyl and ethyl alcohols with evolution of heat. It is also soluble in 
acetone and in benzene (Tiscenko). 

Heat decomposes it into hydrochloric acid and trioxymethylene. 

With water it forms formaldehyde and hydrochloric acid, even at ordinary temperatures: 


CH,Cl 
of i 
CH,C! 


The hydrolysis of 1 gm. of dichloromethyl ether, dissolved in ethyl ether in contact with 250 ml. water and agitated, 
is complete in 95 minutes. 

Even atmospheric humidity causes this decomposition. Alkalies and carbonates react with dichloromethyl ether 
forming the chloride of the metal and formaldehyde. Ammonia, however, forms hexamethylene tetramine, 


+ HOH = 2 HCi+2CH,0 


CH,Cl 
3 aps +130NH, = (CH,),N, + 6NH,Cl + 3 H,O, 


. identifiable by its reaction with bromine water to give a yellow, crystalline substance which is a bromo- 
derivative of hexamethylene tetramine. 
Dichloromethyl ether is converted by chlorine under the action of sunlight into: 
(1) Trichloromethy] ether: a lachrymatory liquid with a pungent odor, boiling at 130 to 132°C. Density, 1.5066 at 
10° C. Insoluble in water, soluble in alcohol, ether, benzene, carbon disulfide. 
(2) Tetrachloromethyl ether: a liquid which fumes in air and has a more pungent odor than the preceding 
compound. B.p. 145°C. and density 1.6537 at 18°C. Unlike trichloromethyl ether, it is insoluble in alcohol, ether, 
benzene and carbon disulfide. By long boiling with water it decomposes into formic acid and crystals of 
hexachloroethane. 
When exposed to ultra-violet rays and heated to about 80°C, the chlorination of dichloromethyl ether proceeds 
differently and pentachloromethy! ether is formed. 


CH,Cl 
of : 
CH,Cl 


This is a colorless liquid with an odor of phosgene and b.p. 158.5° to 159.5°C. Density 1.64 at 20°C. It is stable to 
cold water, but on heating with water it decomposes to form hexachloroethane, hydrochloric acid, carbon monoxide 
and carbon dioxide. With an aqueous solution of aniline it forms diphenyl urea. 

Further chlorination causes the substitution of all the six hydrogen atoms by chlorine and hexachloromethyl ether is 
obtained. This is a liquid with an odor of phosgene, having a boiling point of 98°C , at which temperature it 
partially decomposes into phosgene and carbon tetrachloride. Density 1.538 at 18°C. 

By bubbling a current of sulfur trioxide through dichloromethyl ether cooled in ice and salt, besides 
monochloromethyl chlorosulfonate, dichloromethyl sulfate is formed as follows: 


H,Cl OCH,Cl 


O +80, = SO 
CH,Cl : ‘cen 


Dichloromethyl sulfate is a colorless, odorless liquid with b.p. 96° to 97°C. at 14 mm. of mercury and density 1.60 
at ordinary temperatures. It is readily soluble in the common organic solvents, though only slightly in petroleum 
ether. Unlike dimethyl sulfate, it has no physiopathological action. 

Boiling with sodium methylate converts dichloromethyl ether into dimethyl methylal.1 The reaction apparently 
takes place in two phases: dimethoxy methyl ether is first formed, 


fae H,OCH, 


CCls 
+3Ch = i 3 HCL 


+ 2NaOCH, = 2 NaCl + O 
CH,Cl CH,OCH, 


. . and then this in presence of excess alcohol is decomposed into water and dimethyl methylal: 


HOCH, OCH, 
o( +2CH,OH — H,0 +2CH,( 
CH,OCH, OCH, 


In the presence of dehydrating agents such as zinc chloride, dichloromethyl ether reacts with benzene to form 
benzyl chloride: 


CH,Cl 
of ye C,H, = 2 C,H,-CH,Cl + H,O 


CH,Cl 


In the absence of moisture most metals are unattacked by dichloromethyl ether. 

It finds application in the refining of lubricating oils. The lower limit of irritation, that is, the minimum 
concentration which produces lachrymation, is 14 mgm. per cu. m. The limit of insupportability is 40 mgm. per cu. 
m. The product of mortality is 500 (Muller). 


2. Dibromomethy! Ether (M. Wt. 204) 
CH,Br 
of 
CH,Br 


Like the preceding substance, dibromomethyl ether found a very limited application in the war of 1914-18. It was 
used both as a war gas and as a solvent for the chloroarsines. 
It is easily obtained by the reaction of trioxymethylene with hydrobromic acid. 


LABORATORY PREPARATION 

30 gm. paraformaldehyde are mixed with 80 gm. sulfuric acid (S.G. 1.84) in a 300-ml. flask. The mixture is cooled 
in ice and agitated continuously while 155 gm. finely powdered sodium bromide are added in small portions. By 
heating at the boiling point for 10 minutes, the paraformaldehyde dissolves and an oily layer of dibromomethyl 
ether floats to the top. This is separated and purified by distillation. 


INDUSTRIAL MANUFACTURE 

Six parts by weight of 70% sulfuric acid and | part of paraformaldehyde are placed in an acid-resistant vessel, the 
mixture stirred and cooled so as to keep the internal temperature at 15° to 20°C, and then ammonium bromide 
added slowly in amount about 10% in excess of that calculated. At the end of this operation, which requires about 
48 hours, the mass is stirred for a further 5-10 hours at 30°C. and then the dichloromethyl ether separated. Yield 
70-80%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Dibromomethy] ether is a colorless liquid boiling at 154° to 155°C. and solidifying at —34°C. Its specific gravity is 
very high (2-2) and its volatility at 20°C. is 21,100 mgm. per cu. m. It has a coefficient of expansion of 0.0009. 
Though insoluble in cold water, it dissolves easily in ether, benzene and acetone. 

Water decomposes dibromomethyl ether with formation of hydrobromic acid and formaldehyde, according to the 
equation: 


H 
+ yo = 2 HCHO +2 HBr 
CH,Br H 


This decomposition takes place more rapidly in the presence of alkaline solutions (Tiscenko). 

By heating with trioxymethylene and water to 140°, methyl bromide and formic acid are formed. It reacts 
energetically with alcohols and phenols, but is not attacked at ordinary temperatures by concentrated sulfuric acid 
(Henry). 

The minimum concentration capable of provoking lachrymation is 20 mgm. per cu. m. of air. The limit of 
insupportability is 50 mgm. per cu. m., and the product of mortality is 400, which is greater than that of phosgene 
(Muller). 


Analysis of the Halogenated Ethers 


QUANTITATIVE DETERMINATION OF DICHLOROMETHYL ETHER 
The ether is decomposed by water and the formaldehyde obtained is titrated iodometrically: 
H,Cl 
+ H,O = 2HCl+2CH,0 
H,Cl 


CH,O + I, + 3 NaOH = HCOONa + 2 NaI + 2 H,O 


0.1-0.15 gm. of the substance to be examined is weighed into a glass bulb, which is then placed in a flask 
containing 100 ml. water. After closing the flask with a stopper the bulb is broken, and the whole allowed to stand 
for 2-3 hours. 40 ml. N/10 iodine solution are added from a burette and then an aqueous solution of sodium 
hydroxide until the liquid is a clear yellow in color. 

After allowing to stand for 15-20 minutes, 2N hydrochloric acid is added to acidify and to liberate the iodine, and 
excess of the latter is then titrated with decinormal sodium thiosulfate in presence of starch. 

1 ml. N/10 iodine solution corresponds to 0.002874 gm. dichloromethyl ether. 


CHAPTER VIII 
HALOGENATED ESTERS OF ORGANIC 
ACIDS 


(A) THE METHYL FORMATE GROUP 

THESE compounds form an important group of war gases. 

They were employed alone and also mixed with other war gases: phosgene, chloropicrin, diphenyl-chloroarsine, 
ete. 

Structurally, these compounds may be considered as derivatives of methyl chloroformate: 


C1 


boocn, 
. . by the substitution of successive hydrogen atoms of the methyl group by chlorine atoms: 


Cl Cl Cl 
boocu,ci doocuct, dooce, 


monochloro methyl dichloro meth) | trichloro methyl 
chloroformate chloroformate chloroformate 


. . or else as derivatives of the methyl ester of monochlorocarbonic acid: 


oc( 


. . by the progressive substitution of the hydrogen atoms of the methyl group by chlorine atoms. 

They may be prepared by two different methods: 

(1) From Methyl Formate. 1 By chlorination of methyl formate, obtained from methyl alcohol and formic acid 
according to the equation: 


CH,OH ++ HCOOH = HCOOCH, + H,0. 


(2) From Methyl Chloroformate. By chlorination of methyl chloroformate, obtained from methyl alcohol and 
phosgene. 


CH,OH + COCI, = CICOOCH, + HCL 


The compounds of this group have a characteristic penetrating odor and also lachrymatory and asphyxiating 
properties. It is noteworthy that as the number of chlorine atoms in the methyl group increases, the lachrymatory 
power diminishes and the toxic and asphyxiating power increases. For example, while the first member of the 
series, monochloromethyl chloroformate, has an essentially irritant action, the last member, trichloromethyl 
chloroformate, is essentially toxic and asphyxiating, its lachrymatory action being weak. 

Since the war other analogous compounds have been studied, especially from the physiopathological point of view. 
Such are methyl cyanoformate and ethyl cyanoformate, which are powerful lachrymators but are easily 
decomposed by the action of water. 

Recently some fluorine derivatives have also been prepared: Methyl fluoroformate, obtained by the action of 
thallium fluoride on methyl chloroformate, is a liquid boiling at 40°C. Density 1.06 at 33°C. 

Ethyl fluoroformate, obtained by the action of thallium fluoride on ethyl chloroformate, is a liquid with b.p. 57°C. 
and density 1.11 at 33°C. 

Both of these compounds are powerful lachrymators. 


1. Methyl Formate (M.Wt. 60) 


co 


Methyl formate was prepared in 1835 by Dumas by the action of dimethyl sulfate on sodium formate. Later, it was 
obtained in better yield by the reaction between magnesium or aluminum methylate and trioxymethylene. 

It is usually prepared, however, by the action of methyl alcohol saturated with hydrochloric acid on calcium 
formate: 


(H.COO),Ca + 2CH,OH = 2HCOOCH, + Ca(OH)». 


LABORATORY PREPARATION 

100 gm. calcium formate are placed in a flask fitted with a tap-funnel and a reflux condenser, the latter being 
connected with a well-cooled descending condenser. 130 ml. methyl alcohol recently saturated with hydrochloric 
acid (that is, containing about 40% HCl) are placed in the tap-funnel and allowed to flow slowly on to the calcium 
formate, shaking at intervals. When all the alcohol has been added, the mixture is allowed to stand for a short time 
and then distilled from a water-bath. The distillate is washed many times in a tap-funnel with a little saturated 
sodium chloride solution, neutralizing with sodium carbonate. In order to separate water formed in the reaction and 
the excess methyl alcohol, the product is placed in a flask fitted with a reflux condenser and allowed to stand with a 
large quantity of fused and finely ground calcium chloride for 24 hours. 

The methyl formate and calcium chloride form a crystalline compound, and when this is distilled on a water-bath 
pure methyl formate comes over. 


INDUSTRIAL MANUFACTURE 

95% formic acid and methyl alcohol without any condensing agent are placed in an iron still,- coated internally 
with acid resistant material and fitted with copper coils, and heated. 

The product obtained is distilled and the distillate then redistilled. 


PHYSICAL AND CHEMICAL PROPERTIES 

Methyl formate is a liquid boiling at 317°C. at 760 mm. pressure. It has a S.G. of 0.9745 at 20°C. and on cooling in 
liquid air solidifies at —100°C. 

Water or alkaline solutions saponify it. The velocity of this decomposition has been determined in the presence of 
various saponifying agents. 

By exposure to ultra-violet light it decomposes, forming carbon dioxide, hydrogen and methane. 

Chlorine aided by sunlight transforms it into various chlorine derivatives: mono-, di and trichloromethyl 
chloroformates. 

It has been used as a solvent for cellulose acetate. In chemical warfare it is interesting as an intermediate for the 
manufacture of its chloro- derivatives. 


2. Methyl Chloroformate (M. Wt. 945) 


coco 


This compound may be obtained by directly chlorinating methyl formate, but it is more commonly prepared from 
the reaction between phosgene and methyl alcohol: 


COCI, + CH,OH = co, + HCI 


During this reaction it is necessary to keep the temperature rather low and to be careful to maintain the phosgene 
always in excess. This is in order to prevent the following reaction from taking place and methyl carbonate from 
being formed: 


OCH, 
CcOCcl, + 2CH,OH = cot + 2HCl 


This is a colorless liquid, boiling at normal pressure at 90.6°C. M.p. 0.5° C. Density at 17°C. is 1.065. Insoluble in 
water; soluble in alcohol, ether, etc. Its aggressive power is less than that of methyl chloroformate. By chlorination, 
hexachloromethyl carbonate is formed, also known as "triphosgene”. 


LABORATORY PREPARATION 

A small quantity, about 10 ml., of methyl chloroformate is placed in a flask fitted with a tap-funnel, a tube to 
introduce the phosgene and an exit tube, and after cooling to 0°C. a current of chlorine-free phosgene is bubbled in. 
Methyl alcohol is added from the tap-funnel, after a time, in volume about one-third of that of the liquid in the 
flask, this addition being made all at once. 

The addition of a fresh quantity of methyl alcohol is made when it is obvious that the phosgene is no longer being 
absorbed. The total quantity of methanol used should preferably not exceed 150 ml. 

As soon as the reaction is complete, the product is transferred to a separatory funnel containing cold water. The 
oily, colorless, heavy layer which separates from the aqueous layer is washed twice with cold water, dried over 
calcium chloride and fractionally distilled from a water-bath. The fraction passing over between 69° and 72°C. is 
collected. Yield about 70% of theory. 


INDUSTRIAL MANUFACTURE 

In the French method the reaction between methanol and phosgene takes place in large vessels fitted with agitators 
and cooled externally. The hydrochloric acid which forms is rapidly removed either by bubbling a stream of 
indifferent gas through the liquid, or by adding calcium carbonate. 

In the German plants, however, methyl chloroformate was made by first introducing into the reaction vessels, 
which were of cast iron lined internally with lead and of about 3 cu. m. capacity (about 660 gallons), a small 
quantity of the ester and then liquid phosgene and anhydrous methanol in small portions, with stirring. The 
temperature was regulated during the reaction so that it did not rise above 0°C. Yield about 80% of theory. 


PHYSICAL AND CHEMICAL PROPERTIES 

Methyl chloroformate is a clear liquid, which boils at ordinary pressure at 71.4°C. The specific gravity at 15°C. is 
1.23; the vapor density is 3-9 (air = 1). 

It is fairly stable to cold water, | but is decomposed by hot water to form methanol, hydrochloric acid and carbon 
dioxide: 


OCH, 
co( 4. HOH -> CH,OH + HCl + CO, 


Methyl chloroformate does not liberate iodine from sodium iodide, nor bromine from lithium bromide. 
By the action of methyl chloroformate on methyl sulfuric acid, dimethyl sulfate is formed in good yield: 


OCH, OCH, OCH, 

col "*+80,C = 80, + HEI + CO, 
Cl OH OCH, 

Chlorosulfonic acid also reacts with methyl chloroformate to give a good yield of methyl chlorosulfonate. 


Methyl chloroformate, when dissolved in methanol and treated with hot potassium or sodium cyanide, reacts 
according to the following equation: 


OCH, OCH, 
cot + KCN = cor + Ka 
Cl CN 


. . forming methyl cyanoformate. This is a colorless liquid with an ethereal odor boiling at 100°C. at ordinary 
pressure. §.G. about 1. Soluble in alcohol, ether and other organic solvents. 
Water and alkalies decompose it, forming hydrocyanic acid, carbon dioxide and methyl alcohol: 


OCH 
cot * + HO = HCN + CO, + CH,OH 


With aniline, methyl chloroformate reacts as follows: 
CH 3 
3 
co + CH,NH, = CO + HCl 


This reaction forms the basis of a method for the quantitative determination of methyl chloroformate, which 
consists essentially in treating the substance to be tested with aniline solution and titrating the hydrochloric acid 
formed. In this case it is not possible to determine the carbamic ester formed gravimetrically (as in the phosgene 
estimation), for it is very soluble in water. 

Though methyl chloroformate is a powerful lachrymator, it was not used alone as a war gas. 

Because of its strongly irritant properties, it has been used in insecticidal preparations: "Zyklon A," which is a 
mixture of 90% of methyl cyanoformate and 10% of methyl chloroformate, and "Zyklon B," a mixture of liquid 
hydrocyanic acid and irritant chlorinated and brominated compounds. 


3. Mono-, di- and tri-chloromethyl Chloroformates 

These compounds were prepared by Hentschel in 1887 by the action of chlorine on methyl chloroformate. 

During the war of 1914-18 they were employed as war gases, especially: 

The mixture of monochloromethyl chloroformate with dichloromethy! chloroformate, used in 1915 by the Germans 
under the name of "K-Stoff," and later also by the Allies, especially the French, by whom it was called "Palite." 
Trichloromethyl chloroformate, used almost exclusively by the Germans, under the name of "Perstoff" (Meyer). 
The manufacture of these substances was carried out by the formate method or the chloroformate method, as 
mentioned, The method of chlorination in each of these is similar and requires a suitable source of light. Many 
experiments on this subject have indicated that the Osram /2-watt arc lamp and the mercury vapor lamp are suitable 
light sources, and the latter is to be preferred owing to its light being rich in ultraviolet radiation. 

By this means a mixture of the three chloro-derivatives is generally obtained, and these may be separated by 
fractional distillation: 


Monochloro-derivative . Db.p. 106°5° to 107° C, 
Dichloro-derivative . . bp. rro® to rrr° C, 
Trichloro-derivative . . Db.p. 127°5° to 128° C. 


Separation of the mono- and dichloro-derivatives is difficult because of the closeness of their boiling points, but the 
trichlorocompound is very easily separated from the mono- and dichlorocompounds. 


LABORATORY PREPARATION 

Various Chloro-derivatives. 100 gm. methyl formate are placed in a 250 ml. flask fitted with a reflux condenser and 
a glass inlet tube for chlorine, and the whole weighed. The contents of the flask are heated to boiling and then a 
current of chlorine introduced, exposing the reacting substances to direct sunlight as far as possible, or to the light 
from a 500-watt lamp. By properly regulating the temperature and the addition of the chlorine and occasionally 
weighing the flask and its contents it is possible to obtain any of the chloro-derivatives. The reaction-product is 
fractionally distilled under reduced pressure. 

Trichloromethyl Chloroformate. 100 ml. of methyl formate are placed in a flask connected by a ground-glass 
joint with a condenser containing ice and salt. From the commencement the flask is exposed to a 500-watt lamp, 
and the current of chlorine then started and maintained at a very low speed in the early phase, so that the 
temperature is maintained at 30° C. 

As the reaction proceeds the rate of addition of the chlorine is gradually increased, so that the temperature finally 
reaches about 90° C. The chlorination is complete after about 30 hours. 

The product obtained is distilled under reduced pressure in an all-glass apparatus provided with a fractionating 
column and a condenser. The middle fraction, boiling between 50.0° and 50.4° C. at 48 mm.., is collected in a 
receiver containing calcium chloride. In order to purify the product it is redistilled. Yield about 70% of theoretical. 


INDUSTRIAL MANUFACTURE 

During the war of 1914-18 both of the methods described were used—the formate method and the chloroformate 
method. 

The Formate Method. This method was used in the Bayer plants in Germany. It was very costly, chiefly because 
concentrated formic acid was needed for the preparation of the formate. 

The methyl formate was obtained as described, and was chlorinated in special vessels A (Fig. 6), 2-3 m. in diameter 
and 1-5 m. in height, fitted with an agitator B. These vessels were of cast iron, lined FIG. 6. with lead, or often 
enameled. 

The gaseous chlorine was led in at the bottom of the vessel through the pipe C and the reaction accelerated by 
employing eight Osram lamps (Z.) of 4,000 candlepower, placed in the upper part of the vessel. 

The heating of the reaction-mass is carried out by means of steam coils or by the electrical resistances, S. 


Tn order to obtain the less highly chlorinated products the reaction is suitably regulated and lamps of a lower 
intensity employed. By chlorinating more vigorously, however, and using a mercury-vapor lamp it is very easy to 
obtain the trichlorocompound. 

After the chlorination the product is distilled in special vessels lined with porcelain (Fig. 7) heated by the coils B. 
The fraction boiling at lower temperatures is condensed in S2 (cooled by water) and $2 (cooled by ice), and then 
collected in the receiver R. 

The more highly chlorinated product remains in A. 


Fic. 6, Fic. 7. 
The Chloroformate Method. This method is less expensive and more suited to large-scale manufacture than the 
preceding. It was used in Germany by the Hoechst works and later also in France. 
The chlorination of the chloroformate, obtained by the method given, was carried out like that of methyl formate, in 
Lead-lined or enamelled vessels. The lids of these vessels were also enamelled and carried eight Osram lamps 
protected by glass bells. The chlorine was introduced through eight pipes. 
According to Grignard, the chlorination must commence in the gaseous phase, and so the methyl chloroformate is 
first heated in such a way as to produce a slight pressure, then the lamps switched on and the chlorine then 
introduced at such a rate as to prevent the reaction from being violent. The product may be rectified as described in 
the preceding method. 


PHYSICAL AND CHEMICAL PROPERTIES 

The chloro-derivatives of methyl chloroformate are all colorless liquids at ordinary temperatures, have boiling 
points close together and dissolve easily in organic solvents. All are hydrolyzed by water even at ordinary 
temperatures and react readily with various compounds. 

(a) MONOCHLOROMETHYL CHLOROFORMATE, Cl-COOCH2C1. (M.Wt. 128-9) 

This is a mobile, colorless liquid with an irritating odor, which boils at 106.5° to 107°C. at ordinary pressure and at 
§2.5° to 53°C. at 100 mm. of mercury. It has a S.G. of 1.465 at 15°C, while its vapor density is 4-5 (air = 1). The 
vapor tension at 10° C. is 3-6 mm. and at 20°C. 5-6 mm. 

Monochloromethyl chloroformate is hydrolyzed by water at ordinary temperatures; this decomposition takes place 
more rapidly and completely by the action of hot water or in the presence of alkali. Formaldehyde, hydrochloric 
acid and carbon dioxide are formed: 


CH,Cl 
CO, +H,O = HCHO + 2HCl +O, 


This behavior of the monochloro-derivative is applied in the identification and quantitative determination in air of 
the industrial product. 

Monochloromethyl chloroformate, like phosgene, liberates iodine from sodium iodide, but the reaction is not 
quantitative, proceeding only to about 70% completion. 


CH,Cl 
co i +2NaI = CH,O+1, + CO+4 2 NaCl 


Like methyl chloroformate, but unlike the di- and tri-chloroderivatives, it does not liberate bromine from lithium 
bromide. 

Ferric chloride and anhydrous aluminum chloride decompose chloromethyl chloroformate even in the cold, while 
on heating to about 70°C. the reaction is more rapid, phosgene being formed. 


OCH,C 
cot, , 


Alcohols react energetically, giving hydrochloric acid and the corresponding monochloromethyl carbonate: 
CH,Cl CH,Cl 
co + R-OH = CO + HCl 
Cl OR 


With sodium phenate, reaction takes place at the ordinary temperature with formation of sodium chloride and 
phenyl monochloromethyl! carbonate: 


CH,Cl CH,Cl 
co + C,H;ONa = CO + NaCl 
Cl OC,.H; 
Monochloromethyl chloroformate, unlike methyl chloroformate, reacts with difficulty with chlorosulfonic acid, 
forming monochloromethyl chlorosulfonate only after boiling on the water bath for 4 hours: 


OCH,Cl OH OCH,Cl 
co +80(, = 80,( 7 + HCI + CO, 


This is a colorless liquid, boiling at 49° to 50°C. at a pressure of 14 mm. of mercury; its S.G. is 1.63 at room 
temperature. It has powerful irritant properties. 

By the action of methyl sulphuric acid on monochloromethyl chloroformate, methyl chlorosulfonate is formed, 
according to the following (Kraft): 


co 508M _ 50,0. He 4. C04 + CHO 
+ = H 
1 \OH NG + + CO, + CHy 


Monochloromethyl chloroformate also reacts with benzoic acid, forming monochloromethyl benzoate (Kraft): 


cot, + C,H,COOH = C,H,COOCH,C! + HCl + CO; 


=» COC; + CHLO 


The toxicity of monochloromethyl monochloroformate is relatively slight. Its lachrymatory power is, however, 
considerable; the minimum concentration capable of producing lachrymation is 2 mgm. per cu. m. of air. The limit 
of insupportability is 50 mgm. per cu. m. of air (Flury). 

(b) DICHLOROMETHYL CHLOROFORMATE, C1-CO.OCHCh. (M.Wt. 163.4) 

Colorless liquid, boiling at 110° to 111°C. at 760 mm., and at 54° to 55°C. at a pressure of 100 mm. of mercury. Its 
S.G. is 1.56 at 15°C, and its vapor density is 5.7 (air = 1). 

The vapor tension varies with the temperature as shown in the following table: 


TEMPERATURE VAPOUR TENSION 
"6. MM. MERCURY 
Io 36 
20 5 
30 6 


This compound in contact with water decomposes as follows: 
Cl—COOCHCI, + H,O = CO + CO, + 3HCl. 


The hydrolysis proceeds fairly rapidly, even in the cold, but is much accelerated by heating and even more so by 
addition of alkali. 
Dichloromethyl chloroformate reacts with cold potassium iodide, liberating iodine: 


OCHCI, 
co, + 3KI = 3KC+ HI+2C04], 


In this reaction carbon monoxide is evolved quantitatively. 
The dichloro-compound reacts with lithium bromide (unlike the monochloro-derivative): 


OCHCI 
cok , 
Cl 


Ferric chloride and anhydrous aluminum chloride decompose dichloromethyl chloroformate slowly at ordinary 
temperatures and rapidly at 80°C, forming a mixture of carbon dioxide and chloroform: 


ClI-COOCHCI, = CO, + CHCl. 


Like the preceding compound, it reacts with alcohols, forming hydrochloric acid and the corresponding 
dichloromethyl carbonate: 


CHCl, OCHCI, 
co +R-OH = cot + HCl 
cl OR 


+2LiBr = 2CO +2 LiCl + HCl + Br, 


. . and with sodium phenate forming sodium chloride and phenyl dichloromethyl carbonate: 


OCHC! OCcHC 
co” * 4 GH,ONa = NaCl + cot . 
1 OC,H, 


Aniline in aqueous or benzene solution reacts with dichloromethy! chloroformate to give diphenylurea and 
formanilide according to the equation: 


HCl NHC,H NHC,H. 
cof“ * 4.3 C,H,-NH, = CO aie co Cots +3HC 
cl 


Dichloromethyl chloroformate is less irritant than the preceding compound, but more toxic. Its limit of 
insupportability is 75 cu. mm. per cu. m. (Flury). 

(c) TRICHLOROMETHYL CHLOROFORMATE, Cl-CO-OCCI; (M.Wt. 197-85). 

Colorless mobile liquid with an irritating odor slightly reminiscent of phosgene. It is also known as "Diphosgene." 
At ordinary pressure it boils at 127.5° to 128°C. and at a pressure of 18 mm. at 41°C. It solidifies at -57°C, Its S.G. 
is 1.65 at 15°C. and its vapor density 6.9 (air = 1). Its refractive index at 22°C. is 1.45664. 

The variation of vapor tension with temperature is as follows (Herbst): 


TEMPERATURE VAPOUR TENSION 
Ma oe MM. MERCURY 
9 3 
Io 5 
20 10°3 
30 163 


It dissolves in benzene and in many other organic solvents. 
At the ordinary temperature it dissolves in 24 parts by weight of phosgene. 
On heating this compound it decomposes, forming phosgene according to the equation: 


This decomposition takes place also at ordinary temperatures when trichloromethyl chloroformate comes into 
contact with substances having a porous structure such as activated carbon, or with iron oxide, etc. 
Trichloromethy! chloroformate reacts with cold water very slowly, but hot water or alkalies accelerate this, 
hydrochloric acid and carbon dioxide being formed: 


Cl-COOCCI, + 2H,O = 2CO, + 4HCl. 
By heating to boiling with alkali carbonates it decomposes to form sodium chloride and carbon dioxide: 
CI—COOCCI, + 2Na,CO, = 4NaCl + 4CO,. 


With sodium iodide in acetone solution it reacts rapidly and quantitatively as follows: 


OCcCl, 
cot +4Nal = 21, +4Nacl +200 
1 
The reaction with lithium bromide is similar. 
Ammonia reacts vigorously, forming urea and ammonium chloride: 
CCl, 
co + 8NH, = 4NH,Cl+2 cof 
cl NH, 


With hexamethylene tetramine it reacts, like phosgene, to form an addition product of the formula: 


COCl,. 2(CH,) gN;. 


Ferric chloride and anhydrous aluminum chloride decompose trichloromethyl chloroformate into carbon 
tetrachloride and carbon dioxide: 
OCCl, 


CoC — CCl + CO, 


Trichloromethyl chloroformate does not react with concentrated hydrochloric acid. 
With alcohols it reacts similarly to the other members of this group to form the corresponding trichloromethyl 
carbonate: 


NH, 


1 


However, if the alcohol is in excess and the reaction proceeds in the cold, its course is different: 


cof" 4. 5 ROH cof? * 43 HCl 
= 2 
oy ‘ oR? 


The nature of the alcohol also affects the nature of the products formed. Thus with most primary alcohols the 
reaction described above takes place, but if there are present in the molecule of the primary alcohol radicals of high 
molecular weight, partial decomposition of the carbonate takes place with formation of phosgene and the 
corresponding chlorocarbonic ester, as follows: 


With secondary alcohols the reaction proceeds similarly, but with tertiary alcohols a further decomposition of the 
chlorocarbonic ester formed takes place and carbon dioxide is evolved and the corresponding alkyl chloride is 
formed: 


cl 
co(” -» RCI + Co, 
OR 


With excess of aniline in aqueous or benzene solution trichloromethyl chloroformate reacts like phosgene, being 
quantitatively transformed into symmetrical diphenylurea or carbanilide: 


If, however, there is insufficient aniline, a mixture, of phenyl isocyanate and anilido-formyl chloride is formed: 


Cl, N-C,H, 
co +2 GHNE, = c(, + C,H,-NH-COCI + 3HCl 


With dimethyl aniline in presence of aluminum trichloride or zinc chloride, Crystal Violet is formed. 
By the action of trichloromethyl chloroformate on diphenylamine, trichloromethyl N-dipheny] urethane results, 
together with a small quantity of tetraphenylurea: 

OCCl, 


OCCI, 
co ,' + 2(C,H,),NH = CO + (C,H,).NH . HCl 
N(CHs)2 
This urethane forms white crystals, melting at 61°C, which on heating to 200° to 250°C. decompose forming 
phosgene and diphenyl carbamic chloride. Cold water decomposes it into diphenylamine, hydrochloric acid and 
carbon dioxide. 
Trichloromethy] chloroformate reacts with pyridine, forming a yellow crystalline substance of the formula: 


C;H,N(CI)CO(CI)NC,H,, 
. ..which decomposes by the action of water with evolution of carbon dioxide: 
CsH,N(CI)CO(CI)NC,H, + H,O = 2(C,H,N.HCl) + CO, 


Like the preceding compound, trichloro methyl chloroformate reacts with sodium phenate, forming sodium 
chloride and phenyl trichloromethy! carbonate: 


OCCl, CCl, 
co. + (C,H,-ONa = CO + NaCl 
1 OCH, 


In presence of an excess of the phenate the reaction proceeds further, diphenyl carbonate being formed: 
66 OC,H; 
os 
It also reacts with benzene to form benzophenone: 


CCl, C,H; 
co + 4GH, > 2C0(* * +44 HCI 
Cl C,H; 
By heating under reflux with ethylene chlorohydrin, dichloroethyl carbonate is formed: 
OCCl, CH,OH OCH,CH,Cl 
col 


+ 4 & = 2 coK + 4 HCl 
Cl H,Cl OCH,CH,C1 


This is a colorless liquid, boiling at ordinary pressure at 240° C. with partial decomposition and at a pressure of 8 
mm. at 115°C. Its specific gravity at 20°C. is 1.3506. It is insoluble in water, volatile in steam, and is slowly 
hydrolyzed by alkalies. 

Trichloromethyl chloroformate in the pure state has no corrosive action on iron, and so may be loaded directly into 
projectiles of this material. 

It is completely retained by niters of activated carbon. 

The action of trichloromethyl chloroformate on foodstuffs varies according to whether these are high in water 
content, like fresh meat, milk, wine, or beer, or low in water content, like grain, flour, coffee, etc. The water-rich 
foods absorb large quantities of trichloromethy! chloroformate, which then decomposes into hydrochloric acid and 
carbon dioxide, so that their edibility depends upon the quantity of hydrochloric acid which they have absorbed. 
The drier foods can be purified, as in the case of phosgene, by exposure to a current of warm, dry air. 
Trichloromethyl chloroformate is less irritant than the other members of this group. The minimum concentration 
causing irritation is 5 mgm. per cu. m. of air (Muller). The limit of insupportability is 40 mgm. per cu. m. The 
toxicity is about equal to that of phosgene, and, according to Prentiss, it is probable that this is not a specific 


property of trichloromethyl chloroformate, but is due to the phosgene into which it decomposes in contact with the 
tissues of the human body. 

The mortality-product is 500 according to Flury, but this value must be considered too low, as in the case of 
phosgene. 

According to American experiments on dogs, the mortality-product of trichloromethyl chloroformate for 10 
minutes' exposure is ten times as great—about 5,000. 

Statistics based on data obtained during the war of 1914-18 show that trichloromethyl chloroformate is a war gas 
which when used in projectiles produces a large number of deaths. 


4. Hexachloromethyl Carbonate (M.Wt. 2967) 


This compound, also known as "Triphosgene,” was prepared for the first time by Councler in 1880, by the 
chlorination of methyl carbonate. 

Tt is obtained as a by-product in the preparation of trichloromethyl chloroformate when methyl chloroformate 
which is impure with dimethyl carbonate is employed. 


LABORATORY PREPARATION 

Hexachloromethyl carbonate is prepared, according to Councler, by passing dry chlorine through dimethyl 
carbonate exposed to direct sunlight. After some days' chlorination colorless crystals separate. When the whole 
mass has become solid, a current of dry carbon dioxide is passed through to remove the chlorine and hydrochloric 
acid present. 

The product obtained is dried on filter paper, washed many times with a little absolute ether and dried in vacuo over 
sulfuric acid. 


PHYSICAL AND CHEMICAL PROPERTIES 

White crystals, melting at 78° to 79°C. It has an odor of phosgene and boils at ordinary pressure at 205° to 206°C. 
with partial decomposition. S.G, about 2. Soluble in benzene, carbon tetrachloride, ether, etc. 

On heating near its boiling point at ordinary pressures, it decomposes to form phosgene and diphosgene, which 
further decomposes into phosgene. The reaction of decomposition is thus: 


The presence of catalysts such as ferric chloride facilitates this decomposition. 
Cold water reacts very slowly with hexachloromethyl carbonate, though hot water decomposes it rapidly with 
formation of carbon dioxide and hydrochloric acid: 
CCl, 
co +3H,O = 6HC+3C0, 

‘OCCl; 
Aqueous solutions of the alkali hydroxides decompose hexachloromethyl carbonate, forming the corresponding 
carbonates and chlorides. 
It reacts with sodium iodide and with lithium bromide in the same manner as trichloromethyl chloroformate, 
liberating iodine and bromine respectively. All the six chlorine atoms take part in this reaction, which is as follows: 


OCC, 
OCCI, 


About 80% of the theoretical iodine is actually liberated. 
It reacts with aqueous aniline forming diphenyl urea: 


CO(OCCl,)2 + 6CgH,NH, = 3CO(NHC,H,). + 6HCI. 


With sodium phenate, phenyl carbonate is formed (Grignard). 
Methanol forms trichloromethyl carbonate and methyl chloroformate: 


occ, Occ, 
(-* 42CHOH = coC "* + cICOOCH, + 2 HCl 
occ, OCH, 


In presence of excess methanol, the trichloromethyl carbonate is converted into methy] carbonate and methyl 
chloroformate, so that the final product of the reaction with excess methanol present is methyl carbonate. 

It reacts with pyridine in the same manner as phosgene, forming a yellow crystalline substance of the formula 
CsHgN(CD)CO(CICsH6N, which decomposes by the action of water according to the equation: 


C,H,N(CI)CO(CI)C,H,N + H,O = 2(C,H,N.HCI) + CO, 


It has no corrosive action on metals. 
The physiopathological action of this compound is similar to that of phosgene. 


(B) THE ETHYL ACETATE GROUP 

The halogen derivatives of ethyl acetate are compounds which have been known for some time and are used 
nowadays for organic syntheses both in the laboratory and in industry. They have a powerful action on the eyes and 
were used as war gases in the war of 1914-18. 

They are commonly prepared by the esterification of ethyl alcohol by the corresponding acids: monochloracetic, 
bromoacetic, etc., using sulphuric acid as dehydrating agent. This acid first reacts with alcohol to form ethyl 
hydrogen sulfate: 


H 
C,H,OH + H,SO, = H,O + So,« sis . 


. .-which then condenses with the monohalogenated acid forming the ester: 
O + GH; 
so, + CH,CI-COOH = H,SO, + CH,Cl 
OH 
00 - C.H; 


The compounds of this type have the halogen atom bound very unstably to the remainder of the molecule. It is 
easily split off by the action of water, alkaline solutions and ammonia. This instability considerably reduces the 
value of these substances as war gases. 


1. Ethyl Chloroacetate (M.Wt. 122) 
CH,Cl 


boo .CoH,. 
Ethyl chloroacetate may easily be prepared by the reaction of chloroacetyl chloride with alcohol, | or by means of 
the action of ethyl alcohol on monochloroacetic acid in presence of sulfuric acid: 


CH,Cl CH,Cl 
| +C,H,OH = d + H,0 
COOH OOC.H, 


It is also prepared by the action of phosphorus pentachloride on ethyl glycollate: 


CH,OH CH,Cl 
I + PCl, = l + HCl + POC, 
O0C_Hs 00C, 


5 
. . or by the action of water on dichlorovinyl ethyl ether. 


CHC1 CH,Cl 
l +H,0 = l + HCl 
C-C10C,H, ooc, 


LABORATORY PREPARATION 

Into a flask of about 200 ml. capacity fitted with a reflux condenser, 75 gm. monochloracetic acid, 45 gm. 95% 
alcohol and 10 gm. sulphuric acid (S.G. 1.84) are introduced. These are stirred and heated on the water-bath at 
100°C, for about 5-6 hours. 

At the end of the heating the mass is allowed to cool and then poured into a separatory funnel containing about 150 
ml. cold water. The ethyl chloroacetate layer is separated, washed once more with water and then fractionally 
distilled. 


PHYSICAL AND CHEMICAL PROPERTIES 

Ethyl chloroacetate is a colorless, mobile liquid with an odor of fruit, boiling at 143.5°C. at a pressure of 758 mm. 
of mercury (Willm) and decomposing by long heating at the boiling point. 

Its specific gravity is 1.1585 at 20°C, and its vapor density has been experimentally found to be 4.46 (Willm), 
while the calculated value is 4.23. 

It is insoluble in water, but easily soluble in the common organic solvents. 

It is easily decomposed by alkalies and also by hot water. 

In this decomposition, besides the saponification of the ester: 


CHC ax cH.Cl ss 
+ —_ H J 
cooc.H, coon * CHs 


.. the halogen atom of the CH2Cl group is also substituted by a hydroxyl with formation of the corresponding 
hydroxy-acid: 
CH,Cl CH.OH 


| + HOH as + HCl 
COOH OOH 


It reacts with ammonia to form chloroacetamide: 
CH,Cl CH,Cl 
do +NH;,— | + H,O 
OH CONH, 
With potassium cyanide, ethyl cyanoacetate is formed: 
CH,Cl CH,CN 
| + KCN = i 
COOC,H; OOC,H, 
By the action of sodium urethane on ethyl chloroacetate, N-chloroacetyl urethane is formed: 


CH,Cl NHNa CXH,Cl 
| roo =k 
COOC,H, OC,H, ONHCOOC,H, 


This forms crystals melting at 129°C, sparingly soluble in cold water, but soluble in alcohol. 

Ethyl chloroacetate was used only to a limited extent in the last war. lt was manufactured in large quantities, 
however, for the preparation of two other substances whose aggressive action was much more efficacious: ethyl 
bromo- and iodo-acetates. 


+ KC) 


-+ C,H,ONa 


2. Ethyl Bromoacetate (M.Wt. 167) 
CH,Br 


COO.C,Hs. 


Ethyl bromoacetate, according to Meyer, was the first substance employed in warfare as gas (at the end of 1914). 
At the beginning it was used in hand grenades, but later the French preferred to use it in shells. 

It was prepared for the first time by Perkin and Duppa by treating bromoacetic acid with ethyl alcohol in a closed 
tube for | hour in the cold: 


H, 
| + C,H;OH = | + H,0 


It may also be obtained by the action of phosphorus pentabromide on ethyl glycollate: 


CH,OH CH,Br 
| + PBr; = b + HBr + POBr, 
COOC,H; OOC,Hs 


. . .or by the action of bromine on sodium ethylate: 
2 C,H,ONa +2 Br, = C,H;Br + CH, -COOH + 2 NaBr + HBr 
(,H,ONa + CH,COOH + HBr = CH, - COOC,H, + NaBr +H,O 
CH, CH,Br 


| + Br = d 
COOC,H,; OOC,H; 


It is generally prepared by the action of bromine on acetic acid in presence of red phosphorus. Phosphorus 
pentabromide is formed first, and this reacts with the acetic acid, forming acetyl bromide, as follows: 


CH,COOH + PBr, = POBr, + HBr -+ CH;—COBr 
This reacts with more bromine, forming bromoacetyl bromide, 
CH,COBr + Br, = HBr + CH,Br—COBr, 
. ..which with alcohol forms the ester: 


CH,Br—COBr ++ C,H,OH = HBr ++ CH,Br—COOC,H,. 


HBr 


LABORATORY PREPARATION 

30 gm. glacial acetic acid with 3.9 gm. red phosphorus are placed in a flask fitted with a stopper containing two 
holes. 

Through one of the holes passes a tap-funnel; through the other a condenser which is joined at its upper end, by 
means of a glass tube, to a small flask containing water, in such a manner that the tube does not dip into the water. 
While stirring vigorously and cooling with water, 50 gm. bromine are slowly added from the tap-funnel and the 
flask warmed on the water-bath to 60° to 65°C. while a further 85 gm. bromine are added a little at a time. 

When all the bromine has been added, the flask is heated on a boiling water-bath until no more hydrobromic acid is 
evolved. 

The flask is then cooled to about 0°C, and 35 gm. absolute alcohol added from the tap-funnel in small portions with 
constant stirring. 6 gm. sulfuric acid are also added and the flask stirred and heated on the boiling water-bath for 
about 2 hours. 

At the end of this time the flask is again cooled and the reaction product poured into water. The oily layer is 
separated, washed with water, dried over calcium chloride and distilled, collecting the fraction boiling between 
155° and 175°C. The yield is about 80% of theoretical. 


PHYSICAL AND CHEMICAL PROPERTIES 

Ethyl bromoacetate is a clear, colorless liquid boiling at ordinary pressure at 168°C. On cooling by means of a 
mixture of carbon dioxide and ether, it solidifies in colorless needles, which melt at —13.8°C. Its specific gravity is 
1.53 at 40°C. In the vapor state it has a density of 5.8. It is insoluble in water but soluble in most of the organic 
solvents. Its volatility at 20°C. is 21,000 mgm. per cu. m. of air. Chemically it is not a very stable compound, and is 
partially decomposed even by water and completely by sodium or potassium hydroxide solutions on boiling. The 
hydrolysis is as follows: 


CH,Br—COOC,H,-+2NaOH=CH,OH—COONa+C,H,OH-+NaBr. 


Ethyl bromoacetate on treatment with mercury ethyl at 150°C. decomposes according to the equation: 


CH,Br—COOC,H,+-Hg(C,H,), =C,H,HgBr-+CH,—COOC,H ,+-C,H,. 


Ethyl bromoacetate, because of its relatively high boiling point and its low volatility can be used in shells without 
causing a visible cloud on bursting. 

It has no corrosive action on iron. The limit of insupportability for man is 40 mgm. per cu. m. of air (Flury). The 
minimum concentration capable of provoking irritation of the eyes is 10 mgm. per cu. m. The product of mortality 
is 3,000 (Muller). 


3. Ethyl Iodoacetate (M.Wt. 214) 
CH,I 


COO.C,H,. 


Ethyl iodoacetate was used by the Allies in shells, especially in mixtures with chloropicrin (10%). 

This substance cannot be prepared, like the two preceding, by esterification of iodoacetic acid with ethyl alcohol. It 
is necessary to start with ethyl chloroacetate or bromoacetate, both of which react with potassium iodide to form the 
iodo-compound. 

Perkin and Duppa, commencing with ethyl bromoacetate and potassium iodide, prepared ethyl iodoacetate for the 
first time. 


LABORATORY PREPARATION 

25 gm. ethyl chloroacetate are dissolved in 150 ml. alcohol in a flask fitted with a reflux condenser, then 35 gm. 
potassium iodide are added and 25 ml. water. The mixture is heated on a water bath at 40° to 50° C, stirring 
frequently. After heating for 1-2 hours, the mixture is transferred to a separatory funnel containing about 200 ml. 
water. The oily layer is separated, dried over calcium chloride and distilled. 

The ethyl iodoacetate should be stored in a dark place in order to prevent decomposition. 


PHYSICAL AND CHEMICAL PROPERTIES 

Ethyl iodoacetate is a colorless, dense liquid boiling at ordinary pressure at 179°C. and at a pressure of 16 mm. at 
76° to 78°C, Its specific gravity is 1.8. 

The vapor tension varies with temperature as follows: 


*“¢, MM, MERCURY 
Io 0-28 
20 0°54 
30 0:87 


The vapor density is 7-4 and the volatility at 20°C. is 3,100 mgm. per cu. m. (Muller). Like most organic 
compounds containing iodine, it decomposes easily in the air and light, becoming brown by separation of iodine. 
It is very slowly decomposed by water and alkaline solutions in the cold but more rapidly on warming.3 The 
reaction is as follows: 


CH,I—COOC,H,-+2NaOH =Nal +CH,OH.COONa+C,H,OH. 


Ethyl iodoacetate also reacts easily with sodium thiosulfate. 

The velocity of this reaction has been studied by Slator. It is completely decomposed by heating with nitric acid. 
Owing to their low volatility these esters are rarely employed in warfare in the pure state. They are generally 
diluted with either alcohol or ethyl acetate. 

It is particularly as an eye irritant that ethyl iodoacetate functions, and it seems that this is due to iodoacetic acid 
and not hydriodic acid. 

The minimum concentration capable of producing irritation of the eyes is 1.4 mgm. per cu. m. of air, according to 
Fries. The limit of insupportability is 15 mgm. per cu. m. and the product of mortality is 1,500 (Muller). 


Analysis of the Halogenated Esters 


IDENTIFICATION 

The various chlorinated methyl chloroformates are identified by the diverse manners in which they react with 
alkali. The method described dates from Hentschel in 1887 and is still used today. 

Identification of Monochloromethyl Chloroformate. Monochloromethyl chloroformate when treated with water or 
aqueous sodium hydroxide is decomposed even in the cold according to the equation: 


CI—COOCH,Cl + H,O = CH,O + CO, + 2HCl, 


. . producing formaldehyde which may be easily identified by one of the common reagents for an aldehyde, such as 
the Schiff reagent, a 0-025% aqueous solution of fuchsin decolorized with sulfur dioxide. 

As the other chlorinated methyl chloroformates when they react with alkaline solutions form no formaldehyde, this 
method may be used for the identification of the monochloro derivative even in the presence of di- and tri- methyl 
chloroformates. 

Identification of Dichloromethyl Chloroformate. On treating dichloromethyl chloroformate with water or an 
alkaline solution it decomposes according to the following equation: 


Cl-COOCHCI, + H,O0 = CO + CO, + 3HCl, 


.. thus forming carbon monoxide, unlike the other derivatives. By applying one of the usual methods for the 
identification of this carbon monoxide, evolved when the substance being examined is treated with an alkaline 
solution, the presence of dichloromethyl chloroformate may be confirmed. 

Identification of Trichloromethyl Chloroformate. This substance may be identified by its reaction with an aqueous 
solution of aniline (3 ; 100). Like phosgene and dichloromethyl chloroformate, a white crystalline precipitate of 
diphenyl urea forms, which may be confirmed by microscopic examination (rhombic prisms) or by a determination 
of its melting point (236°C.). 

Identification of trichloromethyl chloroformate may also be made by using dimethyl amino benzaldehyde and 
diphenylamine paper, prepared as described. In presence of trichloromethyl chloroformate this turns yellow as in 
the presence of phosgene. 


QUANTITATIVE DETERMINATION 

The quantitative determination of the chloromethyl chloroformates is carried out by making use of the same 
reactions as those described above for their identification. 

Determination of Monochloromethyl Chioroformate. The substance under examination is treated with sodium 
hydroxide and the amount of formaldehyde formed is then determined. 

In practice, about 0.4 ml. of the substance is accurately weighed into a graduated 125 ml. flask containing 50 ml. 
normal sodium hydroxide solution. After stoppering, this is then shaken, then allowed to stand for \ hour and made 
up to volume. 25 ml. of the alkaline liquid obtained are placed in a burette and allowed to drop into an excess of a 
decinormal iodine solution, shaken and allowed to stand for about 20 minutes. The following reaction then takes 
place: 


CH,O + I, + 3NaOH = HCOONa + 2Nal + 2H,0. 


The solution is slightly acidified with dilute sulfuric acid and the excess of iodine titrated with thiosulfate. A blank 
should be carried out. 
Then the quantity of formaldehyde is given by the following, as a percentage: 


N X 0-0015 X 5: I00 0-75 N 
P P 


. . in which N is the number of ml. of iodine used and P the weight of substance taken. From this value the content 
of Cl—COOCH2C1 in the sample may be calculated from the knowledge that 1 gramme-molecule of formaldehyde 
corresponds to one of monochloromethy! chloroformate: 


CI-COOCH,Cl + H,O = CH,O + CO, + 2HCl. 


Determination of Dichloromethyl Chloroformate. The sample to be examined is treated with sodium hydroxide and 
the volume of carbon monoxide evolved is measured. 

0.3-0.5 gm of the substance is introduced into a Lunge nitrometer over mercury and 10 ml. of a 4N solution of 
sodium or potassium hydroxide added. The carbon monoxide which is formed is collected and its volume 

measured. From the knowledge that 1 gramme-molecule of carbon monoxide is obtained from 1 gramme-molecule 
of dichloromethyl chloroformate, the amount of the latter present in the sample may be calculated: 


CI-COOCHCI, + H,O = CO, + CO + 3HCL. 


Determination of Trichloromethyl Chloroformate. The quantitative determination of trichloromethyl chloroformate 
may be carried out by the aniline method according to Pancenko, unless mono- or dichloromethy! chloroformate is 
present. These both react with aniline in the same way as the trichloro derivative, 0.3-0.4 gm. of the substance to be 
examined is weighed into a small glass bulb which is then sealed and placed in a cylinder containing an aqueous 


CH,;O wh —_= 


solution of aniline as in the determination of phosgene. The bulb is broken and shaken in the cylinder for a few 
minutes, allowed to stand and then the diphenylurea determined as in the method described. 

Quantitative Determination of Monochloromethyl Formate in presence of Monochloromethyl Chloroformate. In 
controlling the manufacture by analysis it is frequently necessary to determine the quantity of chloroformate 
present in the chlorination product of methyl formate; that is, to determine if the product obtained from the methyl 
formate still contains some hydrogen in the form of HCO— group which is not substituted by chlorine. 

The method proposed by Delepine for carrying out this determination depends on the differences between the 
behavior of the chloromethyl chloroformates when treated with alkaline solutions. As already described, 
monochloromethyl chloroformate on treatment with alkali gives formaldehyde, carbon dioxide and hydrochloric 
acid according to the equation: 


CI—COOCH,Cl + H,O = CH,O + 2HCl + CO,, 


. . .while the chlorinated methyl formates hydrolyze to form formic acid, formaldehyde and hydrochloric acid: 


H—COOCH,Cl + H,O = HCOOH + CH,O + HCl, 
.. $0 that the amount of formic acid found after hydrolyzing a sample is proportional to the chloromethyl formate 


present. 
The determination of the formic acid may be made by titration with potassium permanganate: 


2KMnQ, + 3HCOOK + KOH = 3K,CO, + 2MnO(OH),. 


However, as the formaldehyde formed by the hydrolysis of monochloromethy] chloroformate is also oxidized by 
potassium permanganate it must be first determined by titration with iodine solution. Then, by subtracting from the 
number of ml. permanganate solution decolorized, twice the number of ml. of iodine solution used (for 
formaldehyde needs twice as much oxygen as formic acid for its oxidation), the result is the number of ml. 
permanganate corresponding to the quantity of formic acid present and from this the chloromethyl formate in the 
sample may be calculated. 


CHAPTER IX 
AROMATIC ESTERS 


ON halogenating the homologues of benzene, two series of compounds with very different physical and chemical, 
but especially physiopathological, properties may be formed, according to whether the halogen atom enters the side 
chain or the benzene nucleus. While the compounds with a halogen atom in the side chain, like benzyl chloride (1), 
are efficient lachrymators, those with a halogen atom in the nucleus, like o-chlorotoluene (II), have no 
lachrymatory action at all. 


CH,Cl CH, 


Na 


I II 
In preparing the war gases of this group it is therefore necessary to employ methods, which will ensure the halogen 
entering the side chain rather than the nucleus. In general it is advisable to carry out the halogenation at the boiling 
point of the hydrocarbon or under the influence of a light-source rich in ultra-violet radiations, such as diffused 
sunlight, the mercury-vapor lamp, etc. Attempts to use catalysts have not been successful, for catalysts, though 
accelerating the halogenation, orient the halogen into the nucleus, even when the operation is carried out at the 
boiling point of the hydrocarbon. 
Examination of the physiopathological properties of these halogen compounds has shown that the lachrymatory 
power is increased by an increase in the atomic weight of the halogen present, that is, the iodo-compounds are 
biologically more efficient than the bromo-compounds and these more efficient than the chloro-compounds. 
In the war of 1914-18 these substances had a limited use. 
On the one hand, the raw material for their preparation (toluol) was too costly, and on the other their lachrymatory 
power was soon surpassed by that of other substances. 
Research carried out in the latter part of the war and continued in the post-war period has shown that the 
introduction of certain radicals into the molecules of these substances considerably increases their aggressive 
power. The entry of the NO>-group into the benzene nucleus in the ortho-position to the side chain containing the 
halogen, and the introduction of the CN-group into the halogenated side chain itself are particularly efficacious. 
Thus among the halogen-compounds containing the NO>-group, o-nitrobenzyl chloride (1) and bromide (II) are 
superior to the corresponding simple halogenated derivatives. 


CH,Cl CH,Br 


“NNO, - “NNO, 


Ss 


I II 


These may be easily obtained by halogenation of nitrotoluene or nitration of the corresponding halogenated 
toluene. Moreover, it appears that the introduction of the NO-group confers vesicant power on these substances. A 
study of those compounds in which the CN-group is in the side chain containing the halogen atom has indicated 
that chlorobenzyl cyanide, and bromobenzyl cyanide to an even greater degree, have an increased lachrymatory 
power. These compounds are described in the chapter on “cyanogen compounds”. 

Later benzyl fluoride was prepared by the decomposition of benzyl trimethylammonium fluoride: 


CeHgCH,N(CH,),F —> N(CH,)3 + CgH,CH,F. 


This is a colorless liquid boiling at 139.8°C at a pressure of 753 mm. and at 40° to 40.5°C at 14 mm. pressure. 
Density, 1.022 at 25°C. On cooling strongly, it solidifies to acicular crystals, melting at —35°C. It does not fume in 


air and has no lachrymatory properties. Treatment with nitric acid converts it into nitrobenzyl fluoride. The p- 
compound was isolated as acicular crystals melting at 38.5°C. 


1. Benzyl Chloride. CsH;—CH>Cl. (M.Wt. 126-51) 

Benzyl chloride was prepared in 1853 by Cannizzarol by acting on benzyl alcohol with hydrochloric acid. It is 
particularly well known for its use in organic synthesis. It was used as a war gas in the war of 1914-18, but only for 
a short time. Today its importance is as a raw material for the preparation of bromobenzyl cyanide. 


LABORATORY PREPARATION 

Benzyl chloride may be prepared in the laboratory by the action of chlorine on benzyl alcohol. 

100 gm. toluene and 5 gm. phosphorus pentachloride are placed in a flask of about 250 ml. capacity, and the whole 
is then weighed. 

A reflux condenser is connected to the flask, whose contents are then warmed to gentle ebullition, and at the same 
time a rapid current of dry chlorine is passed in. This is continued until the contents of the flask have increased by 
about 35 gm., that is, until 1 gramme-atom of chlorine has been absorbed. The chlorine absorption is accelerated by 
the action of sunlight. 

The reaction product is then fractionally distilled. Unchanged toluene first passes over, and then, between 160° and 
190°C, the benzyl chloride, which is purified by further fractionation. 


INDUSTRIAL MANUFACTURE 

On the industrial scale also benzyl chloride is prepared by the action of chlorine on toluene. The toluene is first 
placed in a large cast-iron vessel A (Fig. 8), which is lead-lined and fitted with a lid, and then a current of chlorine 
is introduced from a cylinder mounted on a weighing machine, so that the weight of chlorine used may be 
controlled, The mixture is then heated with steam generated in the boiler C; it may be illuminated by means of the 
apparatus D. Above the reaction vessel a reflux condenser EH is arranged, and this is connected to the receivers F 
and F', in which the evolved hydrochloric acid is collected. As the chlorination proceeds the product passes from 
the vessel A into the receiver G, and thence into the apparatus H, where it is distilled. The distillate containing the 
benzyl chloride is collected in the special receivers M, N. 


Fic, 8, 


PHYSICAL AND CHEMICAL PROPERTIES 

Benzyl chloride is a colorless liquid which boils at ordinary pressure at 179°C. (Perkin), while at a pressure of 40 
mm. mercury it boils at 89.9°C. The specific gravity is 1.113 at 20°C, and the vapor density is 4.4. 

On cooling, a crystalline mass melting at —39°C. is obtained. 

It is insoluble in water, but soluble in most of the organic solvents. 

Benzyl chloride is fairly stable to water, and only by prolonged boiling with an excess is it decomposed into benzyl 
alcohol and hydrochloric acid: 


C,H,—CH,Cl + H,O > C,H,—CH,OH + HCl. 


By heating for 2 hours with 10 parts of water and 3 parts of freshly precipitated lead hydroxide, benzyl alcohol is 
also obtained according to the equation: 


2CgH,—CH,Cl + Pb(OH), = 2C,H,—CH,OH + PbCl,. 


On boiling benzyl chloride with alcoholic potassium hydroxide solution or with sodium ethylate, benzyl ethyl ether 
is formed: 


C,H,CH,Cl + C,H,ONa = C,H,CH,OC,H, + NaCl. 


This is a liquid boiling at 185°C. and volatile in steam. This reaction with boiling alcoholic sodium ethylate is 
quantitative. Benzyl chloride reacts similarly with other alcoholates and with phenates. 

By the action of chlorine on benzyl chloride, in presence of iodine as catalyst, beta-chlorobenzyl chloride is 
formed: 


CH,Cl CH,Cl 


- a 
q | + Ch = ) + HCl 
e x 
cl 


This is a crystalline substance melting at 29°C, soluble in alcohol, ether, benzene and acetic acid, but insoluble in 
water. 

It boils at ordinary pressure at 214°C. By the action of bromine in the presence of iodine, />-bromobenzyl chloride 
and />-bromobenzyl bromide are formed. 

On passing the vapor of benzyl chloride over a platinum wire heated to redness, stilbene and hydrochloric acid are 
formed. 

By the action of mild oxidizing agents like calcium nitrate, barium nitrate, etc., benzyl chloride is converted into 
Benzaldehyde: 


2 CH,-CH,Cl + Ba(NO,), = 
= BaCl, + 2 C,H,-CHO + NO + NO, + H,0 


When strong oxidizing agents like chromic acid mixture are employed, benzoic acid is formed. 
The action of fuming nitric acid introduces a nitro-group into the benzene nucleus and o-nitrobenzyl chloride is 
formed: 


C,H,CH,Cl + HNO, = C,H,(NO,)CH,Cl + H,0. 


This compound is more powerfully lachrymatory than benzyl chloride. 

With alcoholic ammonia, a mixture of mono-, di- and tri-benzylamines is formed. With hexamethylene tetramine 
an addition product results. 

On boiling an alcoholic solution of benzyl chloride with an aqueous solution of potassium cyanide, benzyl cyanide 
is formed: 


C,H,CH,Cl + KCN = C,H,CH,CN + KCl. 


This is a colorless liquid, S.G. 1.0125 at 25°C, boiling at 233°C. at normal pressure and at 107°C. at a pressure of 
12 mm. On cooling it solidifies to a crystalline mass, melting at -24.6°C. 

By heating alcoholic solutions of sodium sulfide and benzyl chloride together on the water-bath, benzyl sulfide is 
formed: 


2C,H,CH,Cl + Na,S = (C,H,CH,),S + 2NaCl. 


This is white and crystalline, insoluble in water and soluble in alcohol and ether. On heating to about 120°C. it 
decomposes into hydrogen sulfide, sulfur, toluene, triphenyl butane and triphenyl thiophene. 

Sodium sulfide and benzyl chloride also react in aqueous solution, but in this case the reaction is much slower. 
Benzyl chloride attacks iron, tin and copper vigorously and polymerizes in contact with these metals. 


The animal fibers absorb the vapor of benzyl chloride in greater quantities than do the vegetable fibers. Following 
this absorption, the resistance of the vegetable fibers is notably lowered, while that of the animal fibers is 
practically unchanged. 

The benzyl chloride vapor is only partly removed by a current of air. The limit of insupportability is 85 mgm. per 
cu. m, of air, according to Flury. 


2. Benzyl Bromide. CoHs-CH2Br. (M.Wt. 17101) 

Benzyl bromide was used by the Germans as a war gas in March, 1915, but only for a short time owing to the cost 
and the scarcity of the raw material (toluol). Later it was completely abandoned, being superseded by other 
substances with greater irritant power. 

Benzyl bromide may be prepared by the action of hydrobromic acid on benzyl alcohol or by the action of bromine 
on toluene. 

Stephen has worked out a method, which consists in treating dibromomethyl ether with benzene: 


2C,H, + O(CH,Br), = 2C,H,—CH,Br + H,0. 


LABORATORY PREPARATION 

The method of Schramm is usually employed; this is based on the action of bromine on toluene. 

50 gm. toluene are placed in a perfectly dry flask of 250 ml. capacity which is fitted with a tap-funnel and a reflux 
condenser. 

The flask is exposed to direct sunlight and then 75 gm. bromine are allowed to enter drop by drop, agitating at the 
same time. 

The solution, which is first colored reddish-brown, becomes colorless as the reaction proceeds. When all the 
bromine has been added, the reaction product is fractionally distilled and the fraction boiling between 190° and 
205°C. collected separately. 

This is refractionated through a dephlegmator. 


INDUSTRIAL MANUFACTURE 
Benzyl bromide is prepared on the large scale as in the laboratory by the action of bromine on toluene. In this 
reaction half of the bromine is converted into hydrobromic acid: 


C,H,—CH, + Br, = CsH,—CH,Br + HBr. 


In order to utilize this bromine, potassium chlorate is added to the reaction mixture so as to regenerate the bromine, 
which re-enters the reaction cycle: 


6CgH,—CH, + 3Br, + KCIO, = 6C,H,—CH,Br + KCl + 3H,0. 


The bromine may also be treated with sodium hydroxide in order to prevent the loss of bromine as hydrobromic 
acid: 


6NaOH + 3Br, = 5NaBr + NaBrO, + 3H,0. 


The mixture of sodium bromide and bromate obtained is then agitated with the toluene while a current of chlorine 
is passed into the mixture. 


NaBrO, + 5 NaBr + 6 C,H;-CH; +3 Cl, = 
= 6 NaCl + 3 H,O + 6 C,.H,-CH,Br 


PHYSICAL AND CHEMICAL PROPERTIES 

Benzyl bromide is a clear, refractive liquid with an aromatic odor which boils at 198° to 199°C. at ordinary 
pressure, and at 127°C. at 80 mm. pressure. It solidifies at —3.9°C. 

Its specific gravity is 1-438 at 16° C. and its vapor density is 5.8. The volatility at 20°C. is 2,440 mgm. per cu. m. 
(Muller). 

It is insoluble in water, but soluble in the common organic solvents. 

Benzyl bromide, like the chloride, is decomposed by water with difficulty.3 Only after prolonged boiling (30 hours) 
of an aqueous solution of benzyl bromide is it saponified into hydrobromic acid and benzyl alcohol. 

Concentrated nitric acid forms, besides benzoic acid, tribromoaniline and tribromoaminobenzoic acid. 

Alcoholic ammonia reacts with benzyl bromide, even in the cold, to form tribenzylamine (CsHsCH2)3N. 

Benzyl bromide, when treated with an alcoholic solution of silver acetate, separates silver bromide rapidly, even in 
the cold (“ekule”). 


In contact with iron it decomposes in a short time. Because of this decomposition it must be placed in lead 
containers if it is to be used in projectiles. 

During the war a mixture of benzyl bromide, castor oil, alcohol, sodium thiosulfate and glycerol was employed. 
The minimum concentration of benzyl bromide causing irritation is 4 mgm. per cu. m. air. The limit of 
insupportability is 60 mgm. per cu. m. and the mortality product 6,000 (Muller). 


3. Benzyl Iodide. C;H¢-CHzI (M.Wt. 218.01) 

This substance, which has well-known lachrymatory properties, may be obtained according to Cannizzaro4 by the 
action of phosphorus iodide with benzyl alcohol or by the action of potassium iodide on benzyl chloride or 
bromide. 

According to some authors, benzyl iodide was used as a war gas by the French in March, 1915. 


LABORATORY PREPARATION 

150 ml. 95% ethyl alcohol, 20 gm. benzyl bromide and 25 gm. potassium iodide are placed in a flask of 250-300 
ml. capacity fitted with a reflux condenser. This is then warmed on the water-bath to 50° to 60° C. with continual 
agitation. After heating for half an hour, the product is poured into 150 ml. water, the oily layer separated, washed 
with water and crystallized by means of a freezing mixture. The crystals are collected and purified by 
crystallization from alcohol. 


PHYSICAL AND CHEMICAL PROPERTIES 

Benzyl iodide forms colorless crystals melting at 24,1°C. 

The liquid has a specitic gravity of 1.7735 at 25°C. and boils with decomposition at 226°C. (Lieben).6 The vapor 
density is 7.5. 

It is insoluble in water, soluble in alcohol, ether and benzene and slightly soluble in carbon disulphide (Kumpf). 
Benzyl iodide has a volatility of 1,200 mgm. per cu. m. of air. 

Like the two previous compounds, it is decomposed by water with difficulty. 

Crystals of benzyl iodide when gently heated become red in color owing to incipient decomposition. By the action 
of silver acetate in presence of acetic acid, silver iodide and benzyl acetate are formed (Lieben). 

It reacts easily with tertiary amines, forming quaternary ammonium iodides. 

It may be classed among the strongest lachrymators. The lower limit of irritation is 2 mgm. per cu. m. of air 
(Muller). The maximum concentration which a normal man can support for a period of not more than | minute is 
25-30 mgm. per cu. m. Mortality-product: 3,000 (Muller). 


4. Ortho-nitrobenzyl Chloride (M.Wt. 171.55) 


Ortho-nitrobenzyl chloride was prepared in 1883 by Abelli, together with the meta-compound, by the reaction of 
concentrated nitric acid on benzyl chloride. It may also be obtained, according to Haussermann and Beek, by the 
action of chlorine at 130° to 140°C. on a mixture of 2 parts of o-nitrotoluene and | part sulfur. 

According to Lindemann, it was used by the French during the war mixed with beta-nitro benzyl chloride under the 
name of "Cedenite." 


PHYSICAL AND CHEMICAL PROPERTIES 

o-Nitrobenzy] chloride forms crystals with a melting point of 48° to 49°C. It is purified by crystallization from 
ligroin. Its vapor density is 5-9. It is insoluble in water, but easily soluble in cold benzene and in ether and alcohol 
on warming. 

With potassium iodide it is easily converted into o-nitrobenzyl iodide, and an alcoholic solution of potassium 
cyanide converts it into o-nitrobenzyl cyanide. Potassium permanganate oxidizes it to o-nitrobenzoic acid. 

The lower limit of irritation is 1.8 mgm. per cu. m. of air (Lindemann). It has a vesicant action. 


5. Xylyl Bromide. C,H,(CH3)CH2Br. (M.Wt. 185) 

Xylyl bromide was prepared in 1882 b y Radziszevsky.1 It was used for the first time as a war gas in January, 
1915, but its use was abandoned towards the end of the war because of the ease with which it was dealt with by the 
ordinary carbon filters and of the inconvenience caused by its attack on iron containers. 

It is also known as "T-Stoff." 

Xylyl bromide may be easily prepared by the reaction of bromine on commercial xylol. This reaction is carried out 
either by heating t he xylol to 115°C. or b y exposing the reaction-mass to the action of a light source rich in ultra- 
violet radiations and keeping t h e temperature at 50° to 60°C. 

In both cases t h e following reaction takes place: 


CH, CH, 
CH + Br, = HBr +- CH se 
3 2 


Since commercial xylol is a mixture of the three isomeric xylenes, ortho, meta and para, the method of bromination 
mentioned above produces a mixture of the three derivatives: 


CH.Br CH,Br CH,Br 


Or” OC, 
x \/ Cs Ne 


o-xylyl bromide m-xylyl bromide p-xylyl bromide 
All these three compounds have lachrymatory properties. 
In the bromination of xylol a secondary reaction also takes place; this is the conversion of xylyl bromide into 
xylylene bromide, due to the tendency of bromine to react with xylyl bromide as well as with the xylol also present. 


CH,Br CH,Br 


CH, Ps \\cr,B: 


+ Br, = + HBr 


LABORATORY PREPARATION 

It is prepared by the action of bromine on xylol. 500 gm. commercial xylol are placed in a 1-litre flask which is 
closed with a stopper carrying three holes. Through one of these passes a thermometer whose bulb is immersed in 
the reacting liquid, through the second the stem of a tap-funnel, and through the third a reflux condenser which 
leads by means of a tube bent at right angles to a dish containing water. 

The flask is heated so as to raise the temperature of the liquid to about 115°C. and to keep it as near this 
temperature as possible while bromine is dropped in slowly (about 4 drops a second) from the tap-funnel, into 
which 500 gm. bromine have been previously measured. This quantity of bromine is about a quarter less than the 
theoretical. 

Each drop of bromine reacts immediately it enters the xylol, which becomes slightly colored, while the 
hydrobromic acid which is formed bubbles out and passes through the condenser to the water in the dish, where it 
dissolves. 

When all the bromine has been dissolved (about 2 hours), the heating to 115° to 120°C. is continued until all the 
hydrobromic acid has been driven off from the reaction mixture. At the end of this evolution of gas, the flask is 
cooled and its contents transferred to a distillation flask. On distillation, the first fraction between 140° and 200°C. 
is collected separately. This contains the xylol which has not reacted and any hydrobromic acid which remained 
behind. At 210°C. the mixture of the three xylyl bromides begins to distil. When the thermometer reaches 230°C. 
the distillation is stopped; the flask contains a black oily residue. In order to obtain a purer product, the fraction 
collected between 210° and 230°C. may be redistilled. The yield is about 75%. 


INDUSTRIAL MANUFACTURE 

In the manufacture of xylyl bromide in Germany, enamelled vessels fitted with agitators and cooling coils were 
employed, according to Norris. 

The required quantity of xylol was poured into these vessels, heated to 115°C. and then about three-quarters of the 
theoretical bromine added in small quantities so that at the end of the reaction some unchanged xylol still remained. 
The hydrobromic acid evolved was absorbed in special towers. 

At the end of the operation the product was distilled under reduced pressure. After the xylol had been recovered, 
the residue was employed without rectification or purification. 


PHYSICAL AND CHEMICAL PROPERTIES 

In the pure state it is a colorless liquid boiling between 210° and 220°C, with a density of 1.4, and has an aromatic 
odor, which when much diluted is reminiscent of elder blossom. 

The volatility at 0°C. is 140 mgm. per cu. m. of air, and at 20°C. is 600 mgm. per cu. m. 

It is slowly decomposed by water, like benzyl iodide. The crude product energetically attacks iron and so must be 
stored in lead-lined containers. 

The minimum concentration capable of provoking irritation is 1.8 mgm. per cu. m. The limit of insupportability is 
15 mgm. per cu. m. The mortality-product is 6,000 according to Muller. 

However, according to Prentiss it is 56,000. 


Analysis of the Aromatic Esters 


DETECTION 

The aromatic esters are identified by saponifying them with alcoholic potash and then examining the product for 
the halogen hydroacids with silver nitrate solution. 

Detection of Benzyl Chloride. Benzyl chloride, on heating under reflux with a solution of lead nitrate, forms 
benzaldehyde which is easily recognized by its almond-like odor. 

Another method of detecting benzyl chloride, according to Lob, consists in passing the vapor of the substance to be 
examined over a platinum wire heated to redness and then testing for hydrochloric acid in the product with silver 
nitrate. 

Detection of Benzyl Bromide. According to “Kekule”, when benzyl bromide is treated with an alcoholic solution of 
silver acetate, a yellow precipitate of silver bromide rapidly separates even in the cold. 


QUANTITATIVE DETERMINATION 

The quantitative determination of the aromatic esters is best carried out by the same reactions given above for their 
detection. 

Determination of Benzyl Chloride. Benzyl chloride may be determined, according to Schulze, in the following 
manner: about 2 gm. of the substance to be examined are accurately weighed into a flask fitted with a reflux 
condenser, excess of an alcoholic solution of silver nitrate, saturated in the cold, is added and then the whole is 
heated to boiling for about 5 minutes. 

At the end of the reaction, the precipitate formed is filtered on a weighed Gooch crucible, washed first with alcohol, 
then with hot water slightly acidified with nitric acid and then again with alcohol. The crucible is heated, first 
gently, then to red heat and reweighed. From the gain in weight the quantity of benzyl chloride in the sample may 
be calculated. 

Determination of Benzyl Bromide. The determination of this substance may be carried out by the method already 
described for benzyl chloride. However, according to Van der Laan, it is sometimes more convenient to decompose 
the substance directly with a measured volume of standardized alcoholic silver nitrate solution and to titrate the 
excess of the latter with ammonium thiocyanate solution by the Volhard method. 

Determination of Benzyl Iodide. The following method may be employed for the quantitative determination of 
benzyl iodide: About 2 gm. benzyl iodide are weighed into a flask and then 50 ml. 20% alcoholic potash solution 
are added and the mixture refluxed for about an hour. At the completion of the saponification the contents of the 
flask are allowed to cool and then transferred to a 500-ml. flask and made up to volume with water. 

100 ml. of the resulting solution are placed in a distillation flask and distilled in steam after adding 10 gm. ferric 
ammonium alum and acidifying with sulphuric acid. By this treatment, the ferric salt is converted to the ferrous 
condition, liberating iodine, which is distilled over into 5% potassium iodide solution. At the end of the distillation, 
the free iodine in the potassium iodide solution is titrated with a decinormal solution of sodium thiosulfate. 

From this, the amount of iodine and so the quantity of benzyl iodide in the sample may be calculated. 


CHAPTER X 
ALDEHYDES 


Acrolein was the only aldehyde used as a war gas during the war of 1914-18, and its use was very limited as it was 
soon superseded by other substances having superior offensive properties. 

In the post-war period several halogenated derivatives of acrolein have been examined; for example, 
monochloroacrolein, CH2=CCI-CHO, a colorless liquid, boiling at 29° to 31°C. at a pressure of 17 mm. of mercury 
and having S.G, 1.205 at 15°C., is both lachrymatory and vesicant in its action. Also some of the homologues of 
acrolein, like crotonic aldehyde, and its monochloroderivative, CH1— CH=CCI-CHO, a colorless liquid, boiling at 
146°C., and having a specific gravity of 1.422 at 15°C. This has toxic and lachrymatory properties inferior to those 
of chloropicrin, however. 

Acrolein, CH2=CH-CHO. (M.Wt. 56) 

Acrolein, or acrylic aldehyde, was prepared by Redtenbacher in 1843, and was first used as a war gas by the French 
in 1916, being suggested by Le Pape, whence its name of “Papite.” However, it was not very efficient, chiefly 
because of its tendency to polymerize into substances having no irritant action. 

Acrolein is usually obtained from glycerol by abstraction of 


CHOH CH, 
CHOH ——t tu + 2H,0 
CH,OH or 


The following may be employed as dehydrating agents: phosphoric acid, boric acid, potassium bisulphate, sodium 
sulfate, etc. However, the preparation of acrolein is not very satisfactory when these substances are used, the yield 
being not above 30-40% of the theoretical. It was only as a result of the studies of Moureu on this subject that it 
was possible to obtain higher yields. In his method a mixture of 5 parts potassium bisulfate and | part potassium or 
sodium sulfate is used. 

Little is known concerning t h e action of the acid sulfates on glycerol. A recent theory suggests that salts of 
glycero-sulfuric acid are first formed: 


CH,OH cape 
Hon +2 KHSO, = 2H,0 + CHO - $O,K 
buon CH,O - SO,K 


On heating, these are thought to decompose forming sulfuric acid again and acrolein: 


CHLOH CH, 
CHO -S$0,K = 2 KHSO, + tn 
31,0 - $0,K CHO 


LABORATORY PREPARATION 

100 gm. glycerol, 80 gm. potassium bisulfate and 20 gm. anhydrous sodium sulfate are placed in a flask A of about 
| liter capacity, which is fitted with a tap-funnel and connected by means of a glass tube (see Fig. 9) with another 
flask B of the same size, this being also connected to a Liebig condenser. The first flask is immersed in an oil b at 
hand heated to 160° to 180°C. 

The products of the reaction—water, acrolein, etc.—pass over into the flask B in which | gm. hydroquinone has 
been placed. 

When the acrolein commences to distil, a further 100 gm. glycerol are slowly run into A from the tap-funnel and 
the reaction continued for 4-5 hours by heating to about 250°C. at the end. 


In the receiver B a liquid collects which separates into two layers; the lower of these is an aqueous solution of 
acrolein and the upper a solution of water in acrolein. The upper layer is separated off, washed with soda solution, 
dried over fused calcium chloride and distilled. 


Fic. 9. 
It is advisable to add 0.1-0.2 gm. hydroquinone in order to retard polymerization. 


INDUSTRIAL MANUFACTURE 

The industrial manufacture of acrolein is carried out in cylindrical iron vessels of about 30 cm. diameter fitted with 
agitators and closed by a lid having three holes, through one of which the glycerol is introduced, through the second 
passes a thermometer and through the third a condenser leading to a large flask heated on a water-bath. This flask is 
also fitted with a thermometer and may be connected to another condenser, cooled by water. 

In the iron vessel 2 kgm. potassium bisulphate and 400 gim. potassium sulfate are placed, while 600 gm. glycerol of 
28° Be. are run in, The whole is then heated in an air-bath until the temperature inside the vessel reaches 100°C, 
when the reaction commences and a mixture of water and acrolein begins to distil. 

The temperatures in the first condenser and in the flask are then so regulated that the mixture of vapors enters the 
second condenser at a temperature of about 70°C. A considerable proportion of the water and compounds with 
higher boiling points is thus condensed in the flask while the acrolein, together with the remaining water vapor 
condenses in the second condenser and is collected in the appropriate receiver. 

When only a little glycerol remains in the iron vessel, more is added at such a rate that the speed of distillation is 
not diminished. 

The internal temperature should be maintained throughout the reaction at 195°C. 

The crude acrolein obtained is dried over calcium chloride and redistilled. The yield is 60-65% of theoretical 
(Moureu). 


PHYSICAL AND CHEMICAL PROPERTIES 

In the pure state acrolein is a clear liquid boiling at 52°C. and solidifying at -88°C. Its specific gravity is 0.86 at 
15°C, and its vapor density is 1.94. Its volatility at 20°C. is 407,000 mgm. per cu. m. It is somewhat miscible with 
water (1 part of acrolein is miscible with 2-3 parts water) and with most of the organic solvents. 

Acrolein is a substance which alters easily and in it the characteristic properties of the aldehydes—the tendencies to 
polymerization and oxidation—are very pronounced. Polymerization transforms acrolein into an amorphous white 
mass, insoluble in water and alcohol, which no longer has the irritating properties of acrolein and is known as 
"disacryl." In order to prevent, or rather retard, this polymerization the acrolein should be left in a somewhat 
impure condition, as it seems that the impurities have the property of inhibiting the change. Substances, which have 
been found to be especially good stabilizers for acrolein are phenol, hydroquinone, benzoic acid, etc., which even if 
present to the extent of 1-2% check the polymerization for many months (Moureu). 

Among the reactions of acrolein which are important in determining its structural formula are those in which it is 
reduced to allyl alcohol and to propionaldehyde or oxidized to acrylic acid. 

Reduction is most conveniently carried out by means of aluminum amalgam, while atmospheric oxygen is 

sufficient to oxidize it. More powerful oxidants cause profound breakdown of the molecule; thus nitric acid forms 
oxalic and glycollic acids and chromic acid mixture formic acid and carbon dioxide. 


Because of the presence of a double link and an aldehyde group in its molecule, acrolein forms two different types 
of compounds, according to whether the double link or the aldehydeoxygen takes part in the reaction. Thus, with 
the halogens or the halogen hydroacids, the following take place: 


CH.=-CH-CHO + Br, = CH,Br-CHBr-CHO 
CH.=CH-CHO +- HC] = CH,CI-CH,-CHO 


il 


while with acetic anhydride, 


OCH, COCH, 
CH,-CH-CHO + 0 = CH,-CH-CH 
COCH, OCOCH, 


With sodium bisulfite, reaction takes place both with the unsaturated carbon atoms and with the aldehyde group: 
OH 
CH,-CH-CHO + 2 NaHSO, = CH(SO,Na)CH,- CHC: 
OsNa 


Water reacts with acrolein only at 100°, forming the corresponding hydroxy-aldehyde: 
CH, = CH—CHO + H,O = CH,OH—CH,—CHO. 


Alkalies rapidly polymerize acrolein. An ethereal solution of potassium cyanide in presence of acetic acid forms the 
nitrile of a hydroxy vinylacetic acid: 


CH, = CH—CHO + HCN = CH, = CH—CHOHCN 


This is a colorless liquid, boiling at 93° to 94°C. at 16 mm. of mercury. Its density at 15°C. is 1.009, and it is 
miscible in all proportions with alcohol, ether and water, but sparingly soluble in petroleum ether. 

Pure acrolein does not attack metals. 

The minimum concentration of acrolein, which causes lachrymation is 7 mgm. per cu. m. of air. The limit of 
insupportability is 50 mgm. per cu. m. The mortality-product is 2,000 according to Muller, and 7,000 according to 
Meyer. 


DETECTION 

Lewin's Reactions. On treatment of acrolein with a solution of sodium nitroprusside in piperidine, an intense blue 
coloration is produced which passes to violet with ammonia and to brown with mineral acids. The same color 
changes are produced by bubbling air containing acrolein vapor through the reagent. 

Sensitivity: 25 mgm. acrolein per cu. m. of air. Instead of piperidine, dimethylamine may be employed, but the 
sensitivity of the reaction is then less. 

Nierenstein's Reaction. This reaction is based on the change of color of a solution of phloroglucinol in presence of 
acrolein. 

On treatment of the solution to be tested with 2-3 ml. 5% phloroglucinol and addition of 5-10 drops of alkali, and 
then boiling rapidly, the presence of acrolein is detected by a bluish green color. 

p-Nitro-phenylhydrazine Reaction. An aqueous solution of beta-nitro phenylhydrazine hydrochloride, which should 
remain colorless on addition of a few drops of acetic acid, produces an orange-yellow precipitate with acrolein. 
This precipitate consists of small stellar crystals, easily visible under the microscope. 


QUANTITATIVE DETERMINATION 
Ivanov's Method. This is founded on the reaction of acrolein with sodium bisulfite already mentioned. The excess 
bisulfate is titrated with iodine according to the following equations: 


CH,-CH-CHO + 2 NaHSO, = CH,(SO,Na)-CH,-CH(OH)SO,Na 
NaHSO, + I, + H,O = NaHSO, + 2 HI 


0.1-0.15 grm. of the substance to be analyzed is placed in a small glass bulb which is then sealed in the blowpipe 
and weighed. 

The bulb is placed in a bottle together with 100 ml. water. The bulb is then broken and a standardized solution of 
sodium bisulfite added, sufficient being employed to react with 50% more acrolein than is actually present in the 
sample. The mixture is allowed to stand for about 6 hours and then the excess of bisulfite is titrated with iodine 
solution in presence of starch, to a blue coloration stable for 15 minutes. 


The bisulfite and iodine solutions are standardized so that | ml. of each is equivalent to | mgm. acrolein. 
This method has also been suggested by Zappi. 


CHAPTER XI 
HALOGENATED KETONES 


(A) ALIPHATIC 

IN the ketone group, the halogenated derivatives are of great interest as war gases. 

They are usually prepared by the direct action of the halogens on the corresponding ketones. The introduction of a 
halogen atom into the molecule of a ketone usually takes place according to a definite rule: The first halogen atom 
entering substitutes a hydrogen of the least hydrogenated alkyl group, whether secondary or tertiary, and it is only 
the second halogen atom which can enter a different group. 

For example, in chlorinating methyl ethyl ketone, CH;—CO—CH,—CHs, methyl-alpha-chloroethyl ketone is first 
obtained: 


CH,-CO-CH-CH, 
] 


and then on further, chlorination, methyl-alpha-beta-dichloroethyl ketone: 
CH,-CO-CH-CH,C1 
The introduction of a second halogen atom into the molecule of these substances affects their properties differently 
according to the position it occupies. It is found that the symmetric dihalogenated ketones have higher specific 
gravities, higher boiling points and, in particular, more powerful toxic properties than the asymmetric 
dihalogenated ketones. Thus in chlorinating acetone, chloroacetone is first obtained, CH2C1—CO—CHs, and 
then by further chlorination a mixture of the symmetric and asymmetric dichloro-derivatives is obtained: 


CH,CI—CO—CH,Cl and CHCl,—CO—CH;. 


On examining these two compounds, it is found that the symmetric compound (S.G. 1.383 and b.p. 171°C.) is more 
toxic than the asymmetric derivative (S.G, 1.236 and b.p. 120°C.). 

Symmetric dichloroacetone, besides its normal irritant action on the eyes and the respiratory organs, has, even in 
low concentrations, an irritant action on the skin, which is more precisely termed "orticanl" action. 

In the preparation of the halogenated ketones by direct halogenation only half the halogen reacting enters the 

ketone molecule, the other half forming the halogen hydracid: 


CH,—CO—CH, + Br, = CH;—CO—CH,Br + HBr. 


In order to prevent this loss of halogen, especially in the industrial manufacture of the bromo- and iodo- 
derivatives, the halogen of the hydracid is regenerated by adding to the reaction mixture an oxidizing agent, usually 
sodium chlorate. By reaction with the hydracid this liberates the halogen which can re-enter the reaction: 


NaClO, + 6HBr = 3Br, -+ 3H,O + NaCl. 
The halogenated aliphatic ketones are, in general, somewhat unstable compounds. In time, decomposition or 
resinification takes place. These processes are partly prevented by the addition of stabilizing substances which 
impede the changes for some time. 
Because of the presence of the carbonyl group in the molecule, they react with sodium bisulfite to form well- 
crystallized additive products. This behavior is employed in practice to separate the halogenated ketones from the 
secondary products of the reaction. 
The halogenated ketones have powerful lachrymatory properties. The iodine compounds are the most irritant, then 
following the bromine and lastly the chlorine. 
During the war of 1914-18, bromoacetone and bromomethyl ethyl ketone were especially used. Chloroacetone was 
employed only for a short time, being soon superseded by other substances having a more powerful aggressive 
action. 
Since the war several other halogenated ketones have been prepared and examined, such as, alpha,beta- 
dichloromethyl ethyl ketone, CICH;—CO—CH,—CH,C 1, obtained by the action of ethylene on chloroacetyl 
chloride in presence of aluminum chloride, or, in better yield, by the action of diazomethane on beta- 
chloropropionyl chloride and then treatment with hydrochloric acid. It is a liquid boiling at 65°C. at a pressure of 3 
mm. and has strong lachrymatory properties. 


Fluoroacetone, obtained by the action of thallium fluoride on bromoacetone, is a yellow liquid boiling at 72-5°C. It 
has a density of 0.967 at 20°C. It is described as having a pungent odor, but nothing has been reported concerning 
its aggressive action. 


1. Chloroacetone. CICH,»—CO—CH; (M.Wt. 925) 

Chloroacetone was obtained by Riche in 1859 in electrolyzing a mixture of hydrochloric acid and acetone. It was 
used in the last war, especially by the French, to replace bromoacetone during the period of bromine shortage 
(1914-15). 


LABORATORY PREPARATION 

It is prepared b y t h e action of chlorine on acetone. 

80 gm. acetone and 20 gm. calcium carbonate in lumps are placed in a wide-necked flask fitted with a three-holed 
stopper. 

Through one of the holes in the stopper a reflux condenser passes, through the second a tap-funnel and through the 
third a delivery tube for the chlorine. The calcium carbonate is added in order to neutralize the hydrochloric acid 
liberated in the reaction. A current of chlorine is passed in from a cylinder, and 30-40 ml. water are gradually added 
from the tap-funnel. The temperature is raised to 60°C. on a water-bath. When the calcium carbonate in the flask is 
almost exhausted, the current of gas is stopped and the mixture allowed to stand overnight. The liquid then settles 
into two layers; the top layer is separated and fractionally distilled. 


PHYSICAL AND CHEMICAL PROPERTIES 

Chloroacetone is a clear liquid boiling at 119°C. It is sparingly soluble in water, but easily in alcohol, ether, 
chloroform and other organic solvents. Its specific gravity is 1.162 at 16°C, and its vapor density is 3.2. It is 
relatively slightly volatile: its volatility at 20°C. is about 61,000 mgm. per cu. m. (Libermann). 

On exposure to light in sealed glass containers it is converted in about | year into a solid carbonaceous substance 
which fumes in air giving off hydrochloric acid, and does not react with phenylhydrazine, hydroxylamine or oleum, 
but dissolves in fuming nitric acid. 

When the vapor of chloroacetone is passed through a tube heated to 450°C, acetone, acetaldehyde and 
crotonaldehyde are formed. 

Chloroacetone does not react with water. Chlorine even in the cold converts it into more highly chlorinated 
compounds; treatment at 100°C. in sunlight converts it into pentachloroacetone of the formula CHClh—CO—CCl:. 
Bromine is almost without action in the cold, but on heating to about 100°C. it reacts vigorously forming 
chlorotribromoacetone. Potash decomposes chloroacetone, forming potassium chloride and red or brown products 
whose composition has not yet been determined. 

The manner in which chloroacetone reacts with other compounds is also interesting. With gaseous ammonia, for 
example, aminoacetone is formed, and with nascent hydrogen (from zine and acetic acid) it is converted into 
acetone. Damp silver oxide oxidizes it to glycollic, formic and acetic acids. On combination with sodium bisulfite, 
acicular crystals are formed, probably of an additive compound of the formula: 


An additive compound is also formed with hexamethylenetetramine; this consists of crystals melting at 122°C. 
(Nef). 

By the action of sulphuretted hydrogen or sodium sulfide on chloroacetone, diacetonyl sulfide is formed: 
2CH2CI—CO—CH; + Na2S > (CH;—COCH)2)2S + 2NaCl. 

This forms crystals melting at 47°C. and boiling at 136° to 137°C. at 15 mm. mercury pressure. 
Chloroacetone reacts with hydrocyanic acid, forming chloroacetone chlorohydrin: 

CH;—CO—CH;CI + HCN > CH;C(OH)(CN)—CH.C1. 

With potassium cyanide, cyanoacetone is not formed, but various polymerization products are produced. 
Chloroacetone decomposes in contact with iron and cannot be loaded directly into projectiles. 

The lowest concentration producing irritation of the eyes is 18 mgm. per cu. m. of air. The limit of insupportability 
is 100 mgm. per cu. m. and the mortality-product is 3,000 (Muller). 


2. Bromoacetone. BrCH,»—CO—CH3 (M.Wt. 1365) 
Bromoacetone was prepared by Linnemann in 1863, and because of its powerful lachrymatory properties was used 
by the Germans in 1915 in shells and hand-bombs. 


LABORATORY PREPARATION 

This compound is obtained in a similar manner to chloroacetone, by the action of bromine on acetone. 

30 gm. acetone, 30 gm. acetic acid and 120 ml. water are placed in a flask of 250-300 ml. capacity which is fitted 
with a reflux condenser and a tap-funnel (Fig. 10). 

The whole is heated on a water-bath to 70°C. and then 91 gm. bromine are added from the tap-funnel, the flask 
being exposed to the direct light from a 750-watt lamp. 

When the liquid is decolorized 60 ml. of water are added, the flask cooled and a saturated solution of soda added. 
An oil separates and this is dried and distilled in vacuo. 

Bromoacetone may be also obtained in the laboratory by the action of bromine dissolved in acetone on an aqueous 
solution of sodium bromate and sulfuric acid at 30° to 35°C. The following reaction then takes place: 


10 CH,—CO—CH, + 4 Br, + 
+2 NaBrO, + 2 H,SO,= 
= 10 CH,—CO—CH,Br + 

+ 2 NaHSO, + 6 H,O 


INDUSTRIAL MANUFACTURE 

French Method. Because of the limited availability of bromine the manufacture of bromoacetone was carried out in 
France during the war by treating acetone with sodium bromate and sodium chlorate in presence of sulphuric acid 
instead of by the direct action of bromine on acetone. 


The following reaction takes place: 
NaClo, + 3 NaBr + 3 CH,-CO-CH, + 3 H,S0O, = 
= 3 CH,Br-CO-CH, + 3 NaHSO, + NaCl + 3 H,O 


In this method, if the solution remains acid, hydrochloric acid is formed and this reacts with the sodium chlorate, 
liberating chlorine: 


HCIO, + 5HC] = 3Cl, + 3H,0. 


Hence there is simultaneous chlorination and bromination of the acetone, with the formation of a mixture of 
bromoacetone and chloroacetone. 

German Method. The manufacture of bromoacetone in Germany was carried out by treating an aqueous solution 
of sodium or potassium chlorate with acetone and then adding in small quantities the proper quantity of bromine. 
The reaction is carried out in iron vessels A (Fig. 11) of 4.5 cu. m. capacity (900-1,100 gallons) coated internally 
with resistant tiles and fitted with an agitator D. These are set in a wooden framework E. 

The aqueous solution of sodium chlorate is first prepared, the acetone is added, and then the bromine introduced 
slowly, stirring and maintaining the internal temperature at 30° to 40°C. 

At the end of the reaction the oily layer is separated and transferred to a vessel where it is treated with magnesium 
oxide to neutralize the excess of free acid. 

In order to determine the quantity of bromoacetone formed, a part of the product is dried with calcium chloride and 
distilled. 

If more than 10% of the product distils below 136°C. the product is brominated further, if less than 10% then the 
operation is considered satisfactory. The product is stored with the addition of about i part of magnesium oxide to 
1,000 parts of bromoacetone in order to neutralize the hydrobromic acid slowly formed on storage. 


PHYSICAL AND CHEMICAL PROPERTIES 

Pure bromoacetone is a colorless liquid with a pungent odor and a boiling point of 23.5°C. to 24.5°C. at 3.5 mm. 
mercury and 31.4°C. at 8 mm. mercury pressure. At ordinary pressure it boils at 136°C. with partial decomposition, 
hydrobromic acid and a resinous residue slightly soluble in water and alcohol being formed. On cooling strongly it 
solidifies to a mass which melts at —54°C. Its specific gravity at 0°C. is 1.631, its vapor tension at 10°C. is 1 mm. 
and at 20°C , 9 mm. The vapor density is 475 and its volatility at 20°C. is 75,000 mgm. per cu. m. (Muller). 

The commercial product is yellow or brown. 

Bromoacetone is only slightly soluble in water, but very soluble in alcohol, ether, acetone and other organic 
solvents. 

It is not very stable, even in the pure state. It polymerizes in time, especially under the influence of light and heat, 
though this process may be impeded by the addition of stabilizing substances. During the war a small quantity of 
magnesium oxide was added to bromoacetone and this checked the polymerization for several months (Meyer). 
Bromoacetone when distilled with steam partly passes over unaltered and partly decomposes to give an oily 
product containing little bromine, while the water is colored brown. 

It combines readily with a variety of substances. 


With sodium bisulfite it forms a crystalline substance of the formula: 


CH,Br 
H 


| SO,Na 
CH; 


On passing well-dried ammonia into bromoacetone in ethereal solution, acicular crystals separate, probably due to 
the formation of an additive compound. 

By the action of hydrocyanic acid on bromoacetone in the cold (i.e., at about 0°C.) bromoacetone cyanohydrin is 
formed. 

This is a colorless liquid with a boiling point of 94.5°C. at a pressure of 5 mm. of mercury. Its specific gravity is 
1.584 at 13°C, and it is soluble in water, alcohol and ether. 

The bromine atom of bromoacetone is easily separated from the molecule and substituted by other atoms or 
radicals. Thus on treating bromoacetone with alcoholic potash, hydroxyacetone and potassium bromide are 
obtained; with sodium iodide iodoacetone is formed, this being a substance with strongly lachrymatory properties, 
but of little importance as a war gas because of its high cost. 

Bromoacetone reacts with iron, but does not attack lead, so it is essential to store it in lead-lined containers. 

The animal fibers absorb more bromoacetone than do the vegetable fibers. The absorption capacity is fairly high 
and textiles are discolored. It is found that textiles which are merely air-dried absorb more bromoacetone than those 
which have been completely freed from all water. 

For the purification of places contaminated with bromoacetone, spraying with a solution of 240 gm. "liver of 
sulfur" in 140 ml. of a soap solution diluted with 10 liters of water is recommended. 

The lower limit of irritation is | mgm. per cu. m. of air. The maximum concentration which a normal man can 
support for not more than | minute is 10 mgm. per cu. m. The mortality product is 4,000 (Muller) or 32,000 
(Prentiss). 

During the war of 1914-18 the French used a mixture of bromoacetone and chloroacetone (80 : 20) known as. 
"artonite." 

The reasons for the employment of this mixture are of a technical nature. 


3. Bromomethyl Ethyl Ketone. BrCH,—CO—C-Hs (M.Wt. 151) 

This substance was employed in place of bromoacetone, whose production during the war period was impeded by 
the necessity of reserving acetone for the needs of the explosives industry. 

On the other hand, methyl ethyl ketone, the primary material in the preparation of this war gas, is easily obtainable 
even in wartime, for it is a by-product in the manufacture of acetone from pyroligneous acid. The monobromo- 
derivative of methyl ethyl ketone has similar aggressive properties to bromoacetone and was used by both the 
French and the Germans in the war of 1914-18. 


PREPARATION 

This compound is prepared both in the laboratory and on the plant scale by a method similar to that already 
described for bromoacetone. That is, by brominating methyl ethyl ketone with sodium bromide in presence of 
sodium chlorate. In this preparation bromomethyl ethyl ketone is not the only product, a mixture with the isomeric 
methyl-alpha-bromoethyl ketone always being obtained. 


PHYSICAL AND CHEMICAL PROPERTIES 

Bromomethyl ethyl ketone is a colorless or pale yellowish liquid, which boils at ordinary pressure at 145° to 146°C. 
with decomposition. Its specific gravity is 1.43. It is insoluble in water; alteration on exposure to light is rapid. It is 
not decomposed by the action of water, and in general its chemical behavior is very similar to that of 

bromoacetone. It is easily absorbed by active carbon. Places contaminated with bromomethyl ethyl ketone can be 
decontaminated by spraying with a soapy solution of "liver of sulfur." 

Bromomethyl! ethyl ketone is an irritant especially to the eyes. The minimum concentration capable of causing 
irritation of the eyes is 1.6 mgm. per cu. m., according to Muller. The limit of insupportability is 11 mgm. per cu. 
m. of air (Fries), and the mortality-product is 6,000. 


(B) AROMATIC 

The halogenated ketones of the aromatic series may be prepared, like those of the aliphatic series, by the action of 
the halogens on the corresponding ketones. Some may be obtained by the Friedel and Craft synthesis, that is, by 
condensing an aromatic hydrocarbon with an aliphatic halogen acid in presence of anhydrous aluminum chloride. 
In the preparation of these war gases by direct halogenation it is necessary to follow the exact procedure given so as 
to introduce the halogen only into the side-chain, as compounds with a nuclear halogen atom have no lachrymatory 
properties. 

In order to ensure this, according to Graebe and Staedel, the halogenation should be carried out at the boiling point 
of the ketone, or, according to Gautier and Hunnius, by operating in presence of special solvents such as carbon 
disulphide, acetic acid or carbon tetrachloride, which seem to have the function of directing the halogen atom into 
the side-chain. 

The aromatic halogenated ketones, unlike those of the aliphatic series, are quite stable compounds. Another 
difference is that the aromatic derivatives, although they contain a carbonyl group, form no additive compounds 
with bisulfite. 

Recently, some fluorinated members of this group have been prepared, such as fluoroacetophenone, a brown liquid 
with a pungent odor, which boils at 98°C. at 8 mm. pressure. It is described as having lachrymatory properties, but 
the magnitude of these is not reported. 

An interesting fact concerning these compounds from the aggressive point of view is that the halogenated aromatic 
ketones have superior lachrymatory properties to the corresponding aliphatic compounds. Thus chloroacetophenone 
has a much more powerful lachrymatory action than the chloro- and even the bromo- derivative of acetone. This 
fact, besides having great advantages on the economic side—and being by no means negligible from the purely 
offensive point of view— indicates that it is not only the halogen to which the lachrymatory properties of these 
compounds is due, but also to the rest of the molecule to which the halogen is united. 

With regard to the biological properties, it has been found that several substances of this group, like alpha- 
chloroacetophenone and alpha-3,4-trichloroacetophenone, cause, besides lachrymation, a painful sensation of 
itching when they penetrate the pores of the skin in the form of a vapor or a cloud. This action, as previously 
mentioned, is termed "orticant action." 


|. Chloroacetophenone. CgHs—CO—CH,CI (M.Wt. 1545) 

alpha-Chloroacetophenone—also termed meta-chloroacetophenone, phenacyl chloride or phenyl chhromethyl 
ketone—was prepared in 1871 by Graebe by absorbing chlorine in acetophenone. 

Later, in 1884, Friedel and Craft 5 succeeded in obtaining it by the action of chloroacety! chloride on benzene in 
presence of aluminum chloride: 


C,H, + CICO—CH,Cl = C,H,—CO—CH,Cl + HCL. 
It may also be prepared by the action of diazomethane on benzoyl chloride in ethereal solution: 
C,H,COCI + CH,Ne = CgH;C OCH,Cl + No, 


. . or by the action of chloroacetyl chloride and aluminum trichloride on a solution of phenyl dichloroarsine in 
carbon disulfide. 

This compound, because of its lachrymatory properties was tested during the last war (1918) in Edgewood Arsenal 
and considered to be a useful and practicable war gas. 

It is designated in the Chemical Warfare Service of America as "CN." 


LABORATORY PREPARATION 

It is prepared by the action of chlorine on acetophenone according to Korten and Scholl's method. 20 gm. 
acetophenone and 100 gm. acetic acid are placed in a flask fitted with a stopper carrying two holes, through one of 
which passes a delivery tube for the chlorine and through the other an air-condenser. The mixture is agitated to 
facilitate the solution of the acetophenone and then the whole is weighed. A rapid stream of chlorine is passed 
through the solution, cooling externally if necessary until the necessary amount of chlorine has been absorbed. 

The product is allowed to stand at ordinary temperature until the liquid becomes colorless. It is then poured into ice 
water; the chloroacetophenone separates as an oily liquid, which rapidly solidifies. The crystals are separated and 
crystallized from dilute alcohol. 


INDUSTRIAL MANUFACTURE 
The manufacture of chloroacetophenone commencing with acetic acid comprises the following steps: 
(1) Preparation of Monochloroacetic acid: 


CH,COOH + Cl, = CH,CICOOH + HCI. 


(2) Chlorination of Monochloreacetic Acid to obtain chloroacetyl chloride: 


4CH,CICOOH + §,Cl, + 3Cl, = 4CH,CI—COCI + 280, + 4HCL. 


This chlorination may be carried out either by means of chlorine and sulfur monochloride or by the action of 
phosphorus trichloride. 
(3) Condensation of Chloroacetyl Chloride with Benzene: 


C,H, + CH,CI—COCI = C,H,CO—CH,Cl+HCl. 


Operating Details. The glacial acetic acid is placed in a lead-lined vessel fitted with a thermometer and a 
fractionating column connected with an absorption tower, which is filled with coke and serves to absorb the 
hydrochloric acid. The vessel is heated to about 98°C, while the calculated quantity of dry chlorine gas 

is slowly passed in. 

Monochloroacetic acid is thus obtained and this is wansferred without further purification to another similar vessel. 
Sulfur monochloride is added, and chlorine is introduced, while heating to 45°C, to complete the chlorination. The 
chlorinated product is then transferred to a third vessel in which fractional distillation separates the chloroacetyl 
chloride from the other products (sulfur chloride, excess monochloroacetic acid, etc.). 

The calculated quantities of benzene and aluminum chloride are placed in an enamelled vessel and maintained at 
25°C, 

The chloroacetyl chloride is then added in small quantities while the mixture is agitated. At the end of this addition, 
the mass is warmed to 60° to 70°C. for 2 hours and then poured into cold water. The layer containing the 
chloroacetophenone is freed from benzene by distillation and the chloroacetophenone finally purified by steam 
distillation. 


PHYSICAL AND CHEMICAL PROPERTIES 

Chloroacetophenone forms colorless or slightly yellowish crystals, which melt at 58° to 59°C. (Staedel). 

It boils at ordinary pressure at 244° to 245°C. and may be distilled without any decomposition. At 14 mm. mercury 
pressure it boils at 139° to 141°C. Its specific gravity at various temperatures is as follows: 


TEMPERATURE ° C, §.G, 
Oo 1°334 
15 1'324 
25 I°313 
55 1-263 


The vapor tension of chloroacetophenone at ordinary temperatures is very low. It is given as a function of 
temperature in the following table: 


TEMPERATURE VAPOUR TENSION 
& MM, MERCURY 
re) 0-001I7 
15 0-0078 
25 0-0198 
35 0:0473 
55 0-158 


The volatility is 30 mgm. per cu. m. of air at O°C, and 105 mgm. per cu. m. at 20° C. 

The specific heat of chloroacetophenone is 0.264 calorie and the latent heat of evaporation 89 calories. 
Chloroacetophenone is soluble in alcohol, benzene (40% by weight), ether and carbon disulphide, as well as in 
many of the other war gases. For instance, phosgene dissolves 9.5% by weight, and cyanogen chloride 63% by 
weight. It is, however, very slightly soluble in titanium tetrachloride, silicon tetrachloride or water (1 gm. in 1,000 
ml.). 

The solubility of chloroacetophenone in the readily volatile solvents is utilized in diffusing it in air. For this 
purpose benzene is the best solvent, carbon tetrachloride also being occasionally employed. When a solution in one 


of these solvents is sprayed into the air the solvent evaporates rapidly, leaving the chloroacetophenone dispersed in 
a state of fine subdivision. 

Chloroacetophenone is quite stable. It is not hydrolyzed by water even on boiling and it is unaffected by humidity. 
It is completely decomposed by 60% oleum. Hot aqueous solutions of sodium carbonate convert it into 
hydroxymethyl phenyl ketone of the formula (Graebe), Cs;H;—CO—CH20H, which forms crystals melting at 
86°C. and boiling at 118°C. at 11 mm. mercury pressure. It is soluble in alcohol, ether and chloroform. 
Chloroacetophenone is oxidized in benzene solution by such oxidizing agents as chromic acid or potassium 
permanganate to benzoic acid. 

By adding it in small quantities to a mixture of fuming nitric acid and sulfuric acid, shaking after each addition, it is 
converted into benzoic acid and m-nitro-a-chloroacetophenone: 


COCH,CI 


i 


O; 


This forms crystals melting at 100.5° to 102°C. 
By bubbling gaseous chlorine through chloroacetophenone in presence of aluminum iodide or chloride, 
alpha,alpha-dichloroacetophenone is formed: 


C,H,COCH,CI + Cl, = C,H,COCHCI, + HCl. 


This is obtained as crystals melting at 20° to 21.5°C. Its density is 1.34 at 15°C , and it boils at ordinary pressure at 
247°C. with decomposition. At 25 mm. pressure it distils unaltered at 143°C. 

It has inferior lachrymatory properties to chloroacetophenone. 

With more vigorous chlorination, at a temperature of 200°C. aided by sunlight, @,a,a-trichloroacetophenone is 
formed: 


C,H,COCH,Cl + 2Cl, = CgH,COCCI, + 2HCL 


This is a liquid boiling at 145°C. at 25 mm. pressure and having a density of 1.425 at 16°C. 
Chloroacetophenone reacts with sodium iodide in solution in aqueous alcohol, forming alpha-iodoacetophenone: 


C,H,COCH,Cl + NaI = C,H,COCH,I + NaCl. 


This is a crystalline substance melting at 29.5° to 30°C, which boils at 170°C. at 30 mm. pressure and is insoluble 
in water, but soluble in alcohol, ether and benzene. 

With hydriodic acid or, better, by boiling with an acetic acid solution of potassium iodide, chloroacetophenone 
separates iodine and forms acetophenone: 


C,H,COCH,Cl + 2HI = C,H,COCH, + HCl + I. 
Alcoholic ammonia converts chloroacetophenone in the cold to alpha-aminoacetophenone: 


C,H,COCH,Cl -+- HNH, = C,H,COCH,NH, + HCl, 


. . .which is partly converted into iso-indole. 
With aniline, phenacyl aniline is formed: 


C,H,COCH,Cl + NH,C,H, = CsH,COCH, .NHC,H, ++ HCL. 
Urotropine forms an additive product of the formula, 
C,H,COCH,[N,(CH,),)C1. 
. ..which forms crystals melting at 145°C. 


Chloroacetophenone dissolved in alcohol reacts at 60°C. with an alcoholic solution of sodium sulfide to form 
phenacyl sulfide, as follows: 


2CgH,COCH,Cl + NaS = (CgH,COCH,),S + 2NaCl. 
This is a colorless crystalline compound, melting at 76.5° to 77.2°C, odorless, insoluble in water, but soluble in 
alcohol, ether and acetic acid. On heating to 100°C. it decomposes, forming hydrogen sulfide, acetophenone and 
products whose nature has not yet been denned. 


By boiling an alcoholic solution of chloroacetophenone with an aqueous solution of sodium thiosulfate, the sodium 
salt of phenacyl thiosulfuric acid is formed: 


C,H,COCH,Cl + Na,$,0, = NaCl + C,H,COCH,.S,0,Na. 


On refluxing equimolecular amounts of chloroacetophenone and potassium thiocyanate together, needle-shaped 
crystals are formed of the following formula: 


C,H,COCH,SCN, 


.. Which melt at 72° to 73°C. and are soluble in alcohol, ether and chloroform. 
1 mol. chloroacetophenone reacts with 3 mols. Hydroxylamine hydrochloride in dilute methanol solution at 
ordinary temperatures, with formation of alpha-chloroacetophenone oxime, of the formula: 


C,H,-C- Cc H,Cl 
HO-N 


This forms crystals melting at 88.5° to 89°C. whose vapors have a powerful lachrymatory action. This substance 
causes persistent and strong irritation when applied to the skin in the solid state or in solution. 
Chloroacetophenone, on treatment in the cold with sodium phenate in aqueous or alcoholic solutions, reacts as 
follows: 


C,H,COCH,Cl + NaOC,H, = C,H,COCH,.OC,H, + NaCl. 


Chloroacetophenone does not attack iron containers. It is resistant to heat and insensitive to detonation, so that it 
can be loaded into projectiles without fear of its suffering change. 

It was used, melted with magnesium oxide and mixed with nitrocellulose, for the preparation of irritant candles. 
Graebe noted that the vapors of chloroacetophenone irritated the eyes, and the Americans (Fries) have found that a 
concentration of 0.3 mgm. per cu. m. of air is sufficient to provoke lachrymation. According to Muller, the 
lachrymatory action commences at a concentration of 0.5 mgm. per cu. m., while it irritates the nose at | mgm. per 
cu, m, At a concentration of 2 mgm. per cu. m. it causes irritation of the skin of the face. 

Besides its lachrymatory action, this substance has an "orticant" action on the skin if diffused in the air in sufficient 
concentration (100 mg. per cu. m. according to Muller). 

The limit of insupportability is 4.5 mgm. per cu. m. The mortality-product is 4,000 according to Muller and 8,500 
according to American experiments (Prentiss). 


2. Bromoacetophenone. Cs-H;—CO—CH_Br (M.Wt. 199) 
Bromoacetophenone was obtained by Emmerling and Englerl by the reaction of bromine on acetophenone. 


C,H,CO-CH, + Br, = C,H,-CO-CH,Br + HBr. 


PREPARATION 

In the laboratory it is usually prepared by Mohlau's modification of Emmerling's original method, that is, by the 
action of bromine on acetophenone. 

25 gm. acetophenone and 125 gm. acetic acid are placed in a flask through whose stopper passes a reflux 
condenser, a tap-funnel and a delivery-tube for carbon dioxide. While agitating the contents of the flask, 30 gm. 
bromine 3 are added little by little from the tap-funnel, meanwhile passing a current of carbon dioxide through the 
liquid to remove the hydrobromic acid formed in the reaction. When all the bromine has been added, the current of 
carbon dioxide is continued for 5-10 minutes and then the whole allowed to stand for about | hour before heating 
on the water-bath to remove the carbon dioxide completely. 

When the liquid in the flask is colorless it is poured into much water. The bromoacetophenone separates for the 
most part as a yellow oil which forms a crystalline mass on cooling. The crystals are collected and purified by 
alcohol. 


PHYSICAL AND CHEMICAL PROPERTIES 

Bromoacetophenone forms white rhombic prisms, which become greenish on exposure to light, owing to incipient 
decomposition. 

It melts at 50° C. and boils at ordinary pressure at 260°C. with decomposition, and at 12 mm. mercury pressure at 
133° to 135°C. with partial decomposition. It is insoluble in water, but soluble in the common organic solvents 
(alcohol, ether, benzene, etc.). 

Bromoacetophenone is not decomposed by water even on boiling. With potassium permanganate it reacts to form 
benzoic acid. With cold fuming nitric acid it gives bromotrinitroacetophenone. 


Treated in the cold with alcoholic ammonia, it forms iso-indole. 

The reaction with aniline is more vigorous than in the case of chloroacetophenone. 

Bromoacetophenone in alcoholic solution when treated with an alcoholic solution of sodium sulfide reacts 
vigorously, evolving hydrogen sulfide and forming a crystalline mass of phenacyl sulfide. 


S(C,H,COCH,),. 


On treatment in the cold with sodium phenate in aqueous or alcoholic solution, bromoacetophenone reacts 
according to the equation: 


C,H,COCH,Br + C,H,ONa = NaBr + C,H,COCH,.OC,H,. 
It combines with hexamethylene tetramine to form an additive product of the formula: 
C,H,—CO—CH,[N,,(CH,),]Br, 


. ..which forms crystals melting at 165°C. 
The lachrymatory power of bromoacetophenone is less than that of chloroacetophenone. 


CHAPTER XII 
HALOGENATED NITRO- COMPOUNDS 


THE presence in a molecule of a nitrogen atom united by a double link to an oxygen almost always involves a 
certain degree of toxicity. Moreover, this toxicity is increased and lachrymatory action is added if halogen atoms 
are also present. 
During the last war much interest was taken in the trihalogen derivatives of nitromethane as war gases: 
CCl,NO, Trichloronitromethane, or chloropicrin. 
CBr,NO, Tribromonitromethane, or bromopicrin. 


Since the war, research on the halogenated nitro-compounds has been continued, especially on the corresponding 
compounds of the higher homologues of methane. The following results have been obtained: 

(1) Symmetrical dichlorotetranitro ethane, obtained by the action of chlorine on the potassium salt of symmetrical 
tetranitroethane: 


CK(NO,). : CC1(NOz)2 


L cl, = | +2KC 
K(NO,), CCL(NO,). 
.. forms crystals melting at 105°C. 


(2) Symmetrical tetrachlorodinitro ethane, obtained by the action of fuming nitric acid on tetrachloro ethylene: 


cd, + CCAD, 
bea, CCLNO, 


.. .forms crystals melting at 142° to 143°C. 
(3) a4,a,B-Tribromo-o,f-dinitroethane obtained by the action of oxides of nitrogen on tribromo ethylene in a closed 


tube at 40°C. 
CB, — ei O; 
CHBr CHBrNO, 


.. forms colorless crystals melting at 133° to 134°C. 

These compounds all have lachrymatory power, especially tetrachlorodinitro ethane, which is much more powerful 
in this respect than chloropicrin. 

Some of the halogenated derivatives of unsaturated nitrocompounds have also been examined, e.g., chloronitro 
ethylene (CH:=CclNO}) and various of its homologues. These compounds, though having powerful lachrymatory 
properties, cannot be considered for use as war gases for owing to the presence of the unsaturated linkage in their 
molecules they tend to polymerize forming substances without lachrymatory properties. 

Recently other substances having a certain amount of interest in war gas chemistry have been prepared: 

(1) Trifluoronitroso methane, obtained by the action of fluorine on silver cyanide in the presence of silver nitrate, is 
a bright blue gas, fairly stable chemically. It melts at -150°C , boils at -80°C. and has an unpleasant odor. 

(2) Trichloronitroso methane, obtained by the action of nitric acid on the sodium salt of trichloromethyl sulfinic 
acid, is a liquid boiling at 5°C. at 70 mm. pressure. Both these substances have an irritant action. 

1. TrichloroNitroso Methane. CCI;NO (M.Wt. 148) 

Trichloronitroso methane has been prepared recently by Prandtl and Sennewald by the action of nitric acid on the 
sodium salt of trichloromethyl sulfinic acid: 


Cl, 
so” + HNO, = CCI,NO + H,SO, 


A very violent reaction takes place and the yield of trichloronitroso methane is low. This compound is more 
conveniently obtained by the action of an aqueous solution of sodium trichloromethyl sulfinate, potassium nitrate 
and sodium nitrite on sulphuric acid. 


LABORATORY PREPARATION 

250 ml. 20% sulfuric acid are placed in a round-bottomed flask fitted with a tap-funnel and a well-cooled coil- 
condenser. 

The flask is heated to 70°C. and a cold solution of 94 gm. sodium trichloromethy] sulfinate, 50 gm. potassium 
nitrate and 25 gm. sodium nitrate in 300 ml. water is dropped in from the tap-funnel, regulating the rate of addition 
so that the internal temperature is maintained at 70°C. by the heat of reaction. The contents of the flask suddenly 
turn blue and the trichloronitroso methane commences to distil, collecting in the receiver, which is cooled by ice, as 
a blue liquid. The yield is 75-80%. 


PHYSICAL AND CHEMICAL PROPERTIES 

It is a dark blue liquid which when boiled at ordinary pressures partially decomposes. It boils un-decomposed at 
5°C. at a pressure of 70 mm. Its specific gravity is 1.5 at 20°C. 

It is insoluble in water, but dissolves in the common organic solvents. On storing at ordinary temperature in a 
sealed glass container, it decomposes in 2-3 months with formation of nitrosyl chloride, oxides of nitrogen and 
chloropicrin. It is much more stable in solution. 

It reacts slowly with aqueous alkaline solutions and rapidly in presence of ether. 

Oxygen and oxidizing agents transform it into various compounds, among which chloropicrin has been identified. 
On reduction with hydrogen sulfide, dichloroformoxime is formed: 


CCI,NO + H,S —> Cl, = C = NOH + S + HCL 


The vapor of trichloronitroso methane strongly attacks rubber. 
Both in the liquid and the vapor states it has a disagreeable odor; irritation is caused to the eyes and to the 
respiratory tract, lachrymation and coughing being produced. 


2. Chloropicrin. CC1;NO> (M.Wt. 164-5) 

Chloropicrin, or trichloronitromethane, was prepared in 1848 by Stenhouse.1 In the war of 1914-18 it was largely 
employed as a war gas, more particularly as it combined a simple and economic manufacture with many of the 
characteristic desiderata of a war gas. 

It was first employed by the Russians in 1916 in hand-grenades, dissolved in sulfuryl chloride (50%). 
Chloropicrin is also known as "Klop" (Germany), "Aquinite" (France), and "PS" (America). 

It has found application as an insecticide and fungicide and has been used for eradicating rats from ships. 


PREPARATION 

Various methods have been proposed for the preparation of chloropicrin. For example: 

(1) By the action of picric acid on calcium hypochlorite. 

(2) By the action of chlorine on nitromethane or mercury fulminate. 

(3) By the action of nitric acid on certain chlorinated organic compounds, as chloroform, chloral, trichloroethylene, 
etc. 

(4) By the action of a mixture of nitric and hydrochloric acids on the by-products of acetone manufacture.6 

The method which was most used during the war of 1914-18 was that of the action of picric acid on calcium 
hypochlorite. 

This method was not very suitable in practice, for it required as raw material a substance not easily spared during 
the war, when it was needed for the explosive industry. The other methods of production referred to above have 
been studied since the war, showing the interest of chemists in working out a method which does not require the 
use of a raw material of limited accessibility. 


LABORATORY PREPARATION 

Chloropicrin may be prepared in the laboratory by the method proposed by Hoffmann. 

550 gm. chloride of lime made into a paste with about | liter water are placed in a 5-litre flask. A paste of sodium 
picrate, made by mixing 50 gm. picric acid with 10 gm. sodium hydroxide and 250 ml. water, is added with 
continuous stirring. The flask is then fitted with a stopper carrying a long condenser and the contents steam- 
distilled until no more oily droplets come over. 

The reaction takes place very rapidly and is completed in about 2 hour. The oily distillate is separated from the 
water in a separatory funnel, dried over calcium chloride and redistilled. Yield 70% of the theoretical. 


INDUSTRIAL MANUFACTURE 

The various methods used during the war for the manufacture of chloropicrin do not differ greatly from Hoffmann's 
method given above. 

In the German plants a paste of chloride of lime and water was treated in large vessels of 2-3 m. diameter and 4-5 
m. depth with picric acid added in small amounts at a time, the temperature being maintained at about 30°C. The 
mixture was then distilled in a current of steam, the distillate being collected in large receivers where the 
chloropicrin was separated from water. 

The Americans preferred to use calcium picrate instead of the sparingly soluble picric acid, proceeding in the 
following manner: 

A paste of chloride of lime was first prepared and pumped into a vertical vessel of enamelled iron where it was 
mixed with calcium picrate prepared previously by mixing picric acid with water and an excess of lime. The 
mixture was allowed to react at ordinary temperatures for about 2 hours and then a current of steam was introduced 
at the bottom of the vessel. In these conditions the rise in temperature accelerated the reaction and at 85°C. the 
chloropicrin began to distil. Distillation was continued until no more chloropicrin came over. 

According to a patent by Orton and Pope, chloropicrin may also be obtained by the direct action of chlorine on 
picric acid, or other nitro-derivative of phenol or of naphthol: 


C,H,(NO,),0H + 11Cl, + 5H,O = 3CCI,NO, + 13HCI + 3CO,. 


The reaction is carried out in alkaline solution (sodium or potassium hydroxide, or a mixture of the corresponding 
carbonates) so as to dissolve the nitro-compound and to neutralize the hydrochloric acid which otherwise impedes 
the chlorination of the picric acid. The reaction takes place very readily at a low temperature (between 0) and 5°C). 
Recently a new method of preparation of chloropicrin has been worked out in Rumania. This uses petroleum as raw 
material. 

The principal stages of the preparation of chloropicrin by this process are as follows: 

(a) Nitration of hydrocarbons present in the petroleum. 

(b) Chlorination of the nitro-compounds obtained with chloride of lime. 

(c) Distillation of the chloropicrin in a current of steam. 


PHYSICAL AND CHEMICAL PROPERTIES 

Chloropicrin in the pure state is a slightly oily. colorless, refractive liquid with a characteristic odor. The crude 
product is yellow due to impurities. 

It boils at 112°C. at 760 mm. pressure and at 49°C. at 40 mm. of mercury. It solidifies at -69.2°C. 

It may be distilled in a current of steam without decomposition. 

The specific gravity of chloropicrin between 0° and 50° C. is as follows: 


TEMPERATURE (° C.) S.G. {TEMPERATURE (°C.) S.G. 
oO 1-6930 30 1-6400 
10 1-6755 40 I'6219 
20 16579 50 16037 
The coefficient of expansion at various temperatures is as follows: 
At o°C. . 0o-oor02 At 30°C. . 0-00106 
At 10°C, . 0-00103 At 50°C, . 00110 


Its specitic heat between 15° and 35°C. is 0.235; its latent heat of evaporation is 59 calories. Its vapor density 
compared with that of air is 5.69. The vapor tension of chloropicrin at any temperature ¢ may be calculated 
empirically by employing the formula: 


2045'2 


log p = 8-2424 — gt 


In the following table the values of the vapor tension are reported together with the corresponding volatilities at 
various temperatures: 


TEMPERATURE VAPOUR TENSION VOLATILITY 

7 MM. HG. MGM. /LITRE 
0 5°91 57'4 

10 10°87 104 
15 14/12 136 
20 16:91 184 
25 23°81 — 
30 30°50 295 
35 40°14 ae 
50 807 748 


The solubility of chloropicrin in water is very low; according to Thompson and Black 100 gm. water dissolve the 
following amounts of chloropicrin: 


c GM, 
oO O22 
Io o-lg 
20 O17 
30 ory 
40 Or14 
75 Orr 
The solubility of water in chloropicrin is also very low: 
bak oF GM. IN 100 GM. WATER 
32 0°1003 
36 orr185 
48 0°1647 
55 0°2265 


These low mutual solubilities facilitate their separation in the preparation and render drying of the chloropicrin 
unnecessary, unless it is to be employed for some special purpose, as, for example, in "NC" mixture (80% 
chloropicrin and 20% stannic chloride). 

Chloropicrin dissolves easily in benzene, carbon disulfide and ethyl alcohol (1 part dissolves 3 7 parts chloropicrin 
at water-bath temperature). In ether it is, however, relatively sparingly soluble. (At 11°C, volumes ether dissolve 
1.5 volumes chloropicrin—Cossa.) 

Chloropicrin is a fairly stable compound. It is not hydrolyzed by water and not attacked by mineral acids like 
hydrochloric, nitric and sulphuric, either cold or hot. Only 20% oleum decomposes it with formation of phosgene 
and nitrosyl sulfuric acid. 

On heating to 112°C, according to some authorities (Stenhouse, Cossa, etc.), it distils unchanged, while, according 
to others, when maintained gently boiling it partially decomposes into phosgene and nitrosyl chloride: 


CCI,NO, —> COCI, + NOCI. 


The presence of some metals like copper, tin, zinc, aluminum, iron and lead only slightly influences the velocity of 
decomposition even at boiling point. 

By passing chloropicrin in the vapor state through a red-hot tube of quartz or porcelain, it decomposes with 
formation of chlorine and nitric oxide, while hexachloroethane deposits on the cold part of the tube. 

According to the researches of Piutti, chloropicrin decomposes as follows when exposed to ultra-violet rays: 


CCI,NO, —> NOCI + COCI, —> CO + Cp. 


A similar decomposition takes place when an aqueous solution of chloropicrin is shaken with wood-charcoal, 
previously activated by treatment with sodium hydroxide and heating to 450°C. 


Reducing agents convert it into various products according to the nature of the reducant and the conditions of 
reduction. 

Thus Raschig obtained cyanogen chloride with stannous chloride and hydrochloric acid; Geisse,6 with iron filings 
and acetic acid, obtained methylamine: 


CCI,NO, + 6H, = CH,NH, + 3HCl + 2H,0. 


Frankland observed that the best results are obtained in this reaction by adding the chloropicrin in small portions to 
a mixture of iron filings and acidified water. 

On treatment of chloropicrin with an aqueous solution of sodium or potassium hydroxide there is no reaction, but if 
alcoholic soda or potash is employed, a gradual decomposition takes place and after a time crystals of potassium 
chloride separate. 

Aqueous ammonia does not react with chloropicrin. However, if the latter is saturated with ammonia gas, or even 
brought into reaction with an alcoholic solution of ammonia, ammonium chloride and nitrate are formed 
(Stenhouse). According to Hoffmann, on heating chloropicrin in an autoclave to 100°C. with an alcoholic solution 
of ammonia, guanidine is formed according to the following equation: 


NH, 

2 
By the action of alcoholic sodium sulfide on chloropicrin also dissolved in alcohol, a violent reaction takes place, 
heat is developed and a tarry material separates. According to the conditions of the reaction there are formed carbon 
monoxide, nitric oxide, nitrogen, carbon dioxide, sodium chloride, sulfur, etc. 


2 CCILNO, + 3NaS = 3S+N,+2C0, + 6 NaCl 
2 CCILNO, + 3NaS = 38+2C0+2N0+4 6NaCl 


Chloropicrin reacts with sodium or potassium sulfite, forming the corresponding salt of nitromethane disulfonic 
acid: 


CCI,NO, + 3Na;SO, + H,O = CHNO,(SO,Na), + 3NaCl-+NaHSO, 


This reaction must be brought about by heating to 90° to 100°C , and takes place very rapidly in alcoholic as well 
as aqueous solution. The product of the reaction, sodium nitro methane disulfonate, forms small spheroidal plates, 
soluble with difficulty in cold water but easily in hot water. According to Rathke, if the reactants are heated 
excessively a salt is obtained which no longer contains the NO:— group and to which he attributes the formula 
CH(SO3Na)s. 

By the action of potassium bromide on chloropicrin, tribromo nitromethane or bromopicrin is obtained, together 
with carbon tetrabromide, nitromethane, etc. 

Potassium iodide reacts with chloropicrin, giving no triiodonitromethane, but completely decomposing the 
molecule with formation of carbon tetraiodide, as follows: 


CCI,NO, + 4KI = Cl, + 3KCl + KNO,. 


Even in the presence of insufficient potassium iodide, no triiodonitromethane is formed. 

Sodium cyanide in aqueous-alcoholic solution reacts energetically with chloropicrin to form various compounds : 
sodium chloride, nitrite, carbonate and oxalate, cyanogen chloride, etc. 

Chloropicrin reacts even at ordinary temperature with sodium ethylate, forming sodium nitrite and chloride and the 
tetra ethyl ester of orthocarbonic acid: 


CCI,NO, + 4C,H,ONa = C(OC,H,), + 3NaCl + NaNO. 
Sodium methylate reacts similarly. This reaction also takes place when sodium reacts with an alcoholic solution of 
chloropicrin. 
Chloropicrin reacts with mercaptans at the ordinary temperature, forming hydrochloric acid and the ester of ortho- 
nitrotrithioformic acid: 


3R.SH + CCI,NO, = (R.S);—C—NO, + 3HCl. 


The researches of Ray and Das show that on heating, the reaction takes place very rapidly and nitrous gases are 
evolved: 


2(R.S)s—C—NO, — (R.S);—C—O—C—{R.S)5 + NOx. 


Later researches by Nekrassov, however, have demonstrated that chloropicrin in these conditions behaves as an 
oxidizing agent on the mercaptan, so that a disulphide of the formula R.S.S.R and also carbon monoxide and 
nitrogen are formed. 


2(R.S)y—C—NO, —> 3R—S—S—R + 2CO, + N,. 


In this reaction between chloropicrin and mercaptans, an intense yellowish-red coloration is produced, which 
appears as readily in presence of potassium mercaptide as with the free mercaptan. As an insoluble substance is 
formed, this reaction may be employed for the detection of chloropicrin. 
Chloropicrin oxidizes hydrazine even at the ordinary temperature, evolving nitrogen. Tronov and Gershevich have 
studied the velocity of the reaction between chloropicrin and hydrazine in various solvents (alcohol, ether, carbon 
disulphide, etc. ). 
By the action of the sodium salts of the arylarsenious or alkylarsenious acids on chloropicrin in alcoholic solution, a 
reaction takes place which is first gentle and then very violent and leads to the formation of the following 
compounds: 

oO 


ONa R 
RAs” + CCLNO, = NaCl + yas 
Na No,cI,c/ \ONa 


RV 456° NaOH = RAsCO™* 4. crracLNO O 
+ 2 Na = 
‘eceaes \oNa \ONa REO NT ie 


Much data has been accumulated on the behavior of chloropicrin in contact with metals. According to Ireland, 
chloropicrin attacks steel slightly and copper and lead very energetically. 

American publications, however, assert that chloropicrin attacks all metals. The corrosion of metals is confined to 
superficial staining, a layer being formed which protects the metal from further corrosion. 

Chloropicrin is one of the war gases most easily held back by active carbon. 

Fibrous materials absorb relatively little chloropicrin vapor and are not changed in resistance or color. The 
absorbed chloropicrin may usually be removed by a current of dry air. 

Chloropicrin in vapor form strongly irritates the eyes. 

According to American observations (Fries), a man's eyes are closed after 3-30 seconds' exposure to an atmosphere 
containing 2-25 mgm. chloropicrin per cu. m. of air. At a concentration of 19 mgm. per cu. m. the eyes commence 
to lachrymate and the limit of insupportability is about 50 mgm. per cu. m. Besides its irritant action, chloropicrin 
has a toxic and asphyxiating action. The mortality-product is 20,000 according to Prentiss, and according to Ferri is 
12,000 for dogs and cavies. 


3. Tetrachloro dinitroethane (M.Wt. 258) 


CC1,NO, 
CCI,NO, 


This substance was first prepared by Kolbe. who did not, however, succeed in determining its physical and 
chemical characteristics. It was later obtained by Biltz, by the action of fuming nitric acid,, or a mixture of nitric 
acid and concentrated sulphuric acid, on tetrachloroethylene. 


It may also be obtained by the action of anhydrous nitrogen peroxide on tetrachloroethylene at 10-12 atmospheres 
and 60° to 80°C. for 3-6 hours (Biltz). 


LABORATORY PREPARATION (BILTZ) 

5 gm. tetrachloroethylene and about 8 gm. nitrogen peroxide are placed in a glass tube which is sealed off in the 
blowpipe and then heated at 100°C. for about 3 hours. After cooling, the tube is opened, the contents poured into a 
basin and the excess nitrogen peroxide allowed to evaporate off at room temperature. The solid white residue is 
then redissolved in warm ligroin (not over 60° C.) and the tetrachlorodinitroethane crystallized out as plates. 

The nitrogen peroxide is prepared by drying the product obtained by the action of nitric acid on arsenious oxide by 
means of calcium nitrate and saturating it with oxygen. 


PHYSICAL AND CHEMICAL PROPERTIES 

It occurs as crystals which are decomposed by heating to 130°C. with evolution of nitrogen peroxide. In a closed 
tube it melts at 142° to 143°C. 

It is volatile in steam and insoluble in water, but easily soluble in benzene and ether. It dissolves also in alcohol and 
in acetic acid. From these two solvents it may be reprecipitated by addition of water. 

It is not decomposed, even at the boiling point, by aqueous alkali solutions. With alcoholic potash it is converted 
into a crystalline substance of the formula: 


CCLNO, 
CCI(OK)NO, 


Potassium cyanide causes complete breakdown of the molecule, and potassium carbonate, cyanogen chloride and 
carbon are formed. 

Heat is developed on adding an alcoholic solution of tetrachlorodinitroethane to an aqueous solution of potassium 
iodide, and iodine separates as well as a crystalline substance: potassium tetranitroethane. 
Tetrachlorodinitroethane has powerful irritant properties, and besides being about six times4 as toxic as 
chloropicrin, has about eight times the lachrymatory power of the latter, according to Nekrassov. 


4, Bromopicrin. CBr;NO> (M. Wt. 298) 
Bromopicrin, or tribromonitromethane, was prepared in 1854 by Stenhouse while studying the action of bromine on 
picric acid. It was never employed as a war gas in the war of 1914-18. 


PREPARATION 

This compound may be obtained in various ways: 

(a) By the action of picric acid on "bromide of lime." 

(b) By the action of bromine and potash on nitromethane. 

(c) By the action of bromine on nitranilic acid (i.e., beta-dinitrodihydroxy quinone). 

The most practical method of preparing bromopicrin in the laboratory is the following, according to Bolas and 
Groves: 

Four parts of calcium oxide and 50 parts of water are mixed in a flask. Six parts of bromine are then added in small 
portions while the flask is shaken and externally cooled to prevent an excessive rise in temperature. One part of 
picric acid is then added and the mixture distilled under reduced pressure. The bromopicrin passes over in the first 
fractions of the distillate. It is separated from the water and dried over calcium chloride. 


PHYSICAL AND CHEMICAL PROPERTIES 

Bromopicrin forms prismatic crystals, which melt at 10-25°C. and boil at 127°C. at 118 mm. pressure. 

Its specific gravity is 2.811 at 12.5°C. and 2.79 at 18°C. 

It is only slightly soluble in water, but dissolves easily in benzene, carbon tetrachloride, chloroform, alcohol and 
ether, 

Bromopicrin is precipitated from its alcoholic solution by the addition of water. 

It dissolves small quantities of iodine to form a violet solution. 

When heated rapidly at the ordinary pressure it decomposes with explosion. On heating to 130°C. it forms carbonyl 
bromide and nitrosyl bromide according to the equation: 


CBr,NO, —> COBr, -+- NOBr. 


In general, bromopicrin behaves chemically like chloropicrin, but is less stable to chemical reagents. By the action 
of brominating agents it is converted into carbon tetrabromide (Bolas and Groves). 
It reacts with potassium iodide variously according to the conditions of the reaction: 


CBr,NO, + 4 KI = Cl, + KNO, + 3 KBr 
2 CBrzNO, + 6 KI = 31,+2CO,+ N, + 6 KBr 


With potassium iodide and nitrite, iodine separates: 


2CBr,NO, + 6KI + 2KNO, = C,K,(NO,), + 6KBr + 31, 


An alcoholic solution of potassium cyanide reacts with bromopicrin in the cold to give, as final products of 
reaction, the potassium salt of symmetrical tetranitroethane and cyanogen bromide. 


Alcoholic solutions of bromopicrin precipitate silver bromide by the action of silver nitrate, slowly in the cold and 
rapidly on warming (Stenhouse). 

When bromopicrin is treated with a solution of potassium hydroxide (1 part KOH and 1.5 parts H2O) it first 
dissolves slowly and then decomposes as follows: 


CBr,NO, -+- 6KOH = KNO, + K,CO; + 3KBr + 3H,0. | ' 
2CBr,NO, + 10oKOH = 2K,CO, + N, + 5KBr + 5H,O + KBrO,. 


It is not decomposed by cold sulfuric acid. 

Like chloropicrin, it reacts with hydrazine to evolve nitrogen. 

It also reacts with sodium ethylate, but very slowly. Sodium or potassium sulfide react differently with 
bromopicrin, according to the conditions of the reaction. 

Bromopicrin vapor irritates the eyes: the minimum concentration which causes irritation is 30 mgm. per cu. m. of 
air, according to Lindemann. According to Mayer's researches, bromopicrin has a toxic power only one-eighth to 
one-tenth of that of chloropicrin. 


Analysis of the Halogenated Nitro-compounds 


DETECTION OF CHLOROPICRIN 

The detection of chloropicrin is most simply carried out by direct sensory perception. 

Various methods have been suggested for the detection of Chloropicrin by chemical means. None of these is as 
sensitive as perception by odor, according to Deckert. 

Method of Pyrogenic Decomposition.9 One of the most widely used methods for the detection of chloropicrin in air 
consists in decomposing it by heat and then testing for chlorine in the products. 

The gas mixture is passed through a tube of quartz or porcelain heated almost to redness and the products of the 
decomposition are then bubbled through a solution containing potassium iodide and starch paste. If chloropicrin is 
present in the mixture under examination, chlorine will be liberated and this will liberate iodine from the potassium 
iodide and so color the starch blue. 

Engel's "Indicator Apparatus" is based on a similar principle. 

It consists of a glass tube (see Fig. 12) through which passes a silica rod which can be electrically heated to redness. 
The tube is connected with a special glass receiver inside which the stem of a tap-funnel projects so as to hold in 
suspension a drop of starch iodide solution. The detection of chloropicrin in air is carried out by passing the gas to 
be examined through the apparatus. If chloropicrin is present, the hanging drop of starch-iodide solution will be 
colored blue. 


+ 


Fic. 12, 
The sensitivity of this reaction depends very much on the age of the starch solution and it is advisable to use a 
recently prepared solution. 
The Flame Test. Another method of detection, also based on the pyrogenic decomposition of chloropicrin, consists 
in passing the gas mixture to be examined into a gas jet, the flame of which maintains a copper spiral at red heat.4 
This flame, in presence of even 0-25 mgm. chloropicrin per liter of air, is colored green (Krezil). 
Ray and Das's Method. This method of detection is based on a reaction recently discovered by Ray and Das, 
according to which chloropicrin, in reacting with the potassium salts of mercaptans, forms insoluble condensation 
products. 


According to Nekrassovy, in this method the gas to be tested is passed through an alcoholic solution of the 
potassium salt of dithioethylene glycol. In the presence of chloropicrin a yellow precipitate, m.p. 123°C, separates. 
This method may also be conveniently applied to the quantitative determination of chloropicrin, since the chlorine 
in the chloropicrin molecule is quantitatively converted into potassium chloride. 

Sodium Ethylate Method. This method consists in decomposing chloropicrin with sodium ethylate and then 
proceeding to the detection of the sodium nitrite or chloride formed in the reaction: 


CCINO, + 4C,H,ONa = C(OC,H,), + 3NaCl + NaNO,. 


By means of this reaction chloropicrin may be detected at a concentration of about 6 mgm. per cu. m. of air, 
according to Ireland. 

Dimethylaniline Paper. The detection of chloropicrin by means of this paper depends on the change in color from 
white to yellow or maroon which takes place in presence of this gas. 

The dimethylaniline papers are prepared by soaking strips of filter paper in a 10% solution of dimethylaniline in 
benzene. 

Tf the concentration of chloropicrin is low, the color change may be seen when the paper is moved about in the 
gaseous atmosphere. Chlorine, bromine and nitrous gases also produce a color-change with this paper, but of a 
different shade from that with chloropicrin. 

Thiophenol Method. This method consists in passing the gas mixture to be tested through an alcoholic solution of 
thiophenol. 

In the presence of chloropicrin a white precipitate or opalescence forms. A turbidity appears in 3-4 minutes with 1- 
2 liters of the gas containing about 60 mgm. chloropicrin per cu. m. 

Alexejevsky's Method. This depends on the reduction of chloropicrin by metallic calcium to form nitrous acid, 
which is detectable by the Griess reaction. 

The gas mixture under examination is passed through a wash bottle containing ethyl alcohol and the solution 
obtained then treated with metallic calcium. The nitrous acid, which is formed is then identified with sulphanilic 
acid and a napthylamine. In the presence of chloropicrin a red precipitate is produced. Sensitivity, 2 mgm. of 
chloropicrin. 

This reaction cannot be used for the quantitative determination of chloropicrin. 

Other Color Reactions. On boiling the substance to be tested with an alcoholic solution of potassium hydroxide 
and then adding a few ml. of thymol, a yellow coloration appears in the presence of chloropicrin and this changes 
to reddish-violet on addition of sulfuric acid. 

Substitution of resorcinol for thymol gives a red colouration. 


Quantitative Determination 


GAS VOLUMETRIC METHOD OF DUMAS. The quantitative determination of chloropicrin may be carried 
out by decomposing the sample to be examined and measuring the volume of the nitrogen formed by the 
volumetric method of Dumas. In employing this method it is advisable to use a very long combustion tube with its 
front part filled for 8-10 cm. with a mixture of copper turnings and reduced copper. It is also best to carry out 

the combustion as slowly as possible so as to prevent the nitrogen peroxide from escaping decomposition. 
SODIUM SULFITE METHOD. This method is based on the reaction between sodium sulfite and chloropicrin 
already mentioned: 


CC1,NO, + 3Na,SO, + H,O = CHNO,(SO,Na), + 3NaCl + NaHSO, 


In practice this determination is carried out by adding to a weighed quantity of the chloropicrin in a small flask 
fitted with a condenser, an excess of an aqueous-alcoholic solution of sodium sulfite, prepared by dissolving 10 gm. 
sodium sulfite in 250 ml. water and diluting with an equal volume of ethyl alcohol. 

The liquid in the flask is then carefully heated so as to distil off all but about 10 ml. This is then diluted with water 
to 100 ml. and 10 ml. of nitric acid and an excess of a standardized solution of silver nitrate are added. The solution 
is then warmed to drive off the nitrous gases and to coagulate the silver chloride, and then cooled and the excess 
silver nitrate titrated with a solution of ammonium thiocyanate (ferric alum indicator). 

This method, according to Aksenov, may be applied to the determination of chloropicrin vapor in air. A measured 
volume of the air is passed through an aqueous alcoholic solution of potassium sulfite, the latter then boiled and the 
amount of chloride determined by Yolhard's method. 


SODIUM PEROXIDE METHOD. This method consists in decomposing the chloropicrin with sodium peroxide 
and then volumetrically determining the chlorine liberated in the reaction. 

A measured volume of the gas mixture to be examined is passed through a wash-bottle containing 50 ml. of a 1% 
solution of sodium peroxide in 50% ethyl alcohol prepared in the following manner: 2 gm. sodium peroxide is 
dissolved in 100 ml. iced water and just before using 25 ml. of this solution is diluted with 25 ml. 95% alcohol. 
The chloropicrin, on coming into contact with the alcoholic solution of sodium peroxide, decomposes, forming 
sodium chloride, which may be determined volumetrically with a N/100 solution of silver nitrate (using potassium 
chromate as indicator), after neutralizing the alcoholic solution with sulphuric acid (to the phenolphthalein end- 
point). 

The number of ml. of silver nitrate solution used multiplied by 0.546 gives the quantity of chloropicrin in mgm. 
present in the volume of air passed through the sodium peroxide solution. 

This method of analysis was also used by Dubinin for the determination of chloropicrin in the gas mixtures 
prepared for the testing of activated carbons. 


CHAPTER XIII 
CYANOGEN DERIVATIVES 


THE war gases belonging to the class of cyanogen derivatives are characterized by the presence of the CN— 
radical in their molecules. It has been found that this radical may have one of the following two formulae: 


—C=N —N=C 


The first of these formulae seems less suitable than the second for these war gases, which like the mono- and di- 
halogenated derivatives of acetylene, have properties more in keeping with the presence of a divalent carbon atom. 
It may be concluded that it is the presence of this divalent carbon atom rather than that of the nitrogen atom which 
accounts for the toxicity of this radical. The bivalent carbon atom has in fact great chemical reactivity and is the 
point of attack in all chemical and biochemical reactions. 

Among the various compounds containing the CN group which were employed in the war of 1914-18, hydrocyanic 
acid, phenyl carbylamine chloride and the cyanogen halides, particularly cyanogen bromide, were most widely 
used, 

The cyanogen halides may be considered as derivatives of hydrocyanic acid in which the hydrogen atom is 
substituted by a halogen atom. According to some authorities the aggressive power of these compounds is greater 
than that of hydrocyanic acid, for besides their toxic properties, due to the presence of the CN— group, they have 
an irritant action due to the presence of the halogen. 

Various other compounds containing the CN— radical were studied towards the end of the war and since that 
period. Of these, chlorobenzyl cyanide, bromobenzyl cyanide, diphenyl cyanoarsine, phenarsazine cyanide, etc., 
were used to a considerable extent as war gases. Recently cyanogen fluoride has also been prepared and studied. It 
is a colorless gas with powerful lachrymatory properties. 


1. Hydrocyanic Acid. HCN (M.Wt. 27) 

Hydrocyanic acid was discovered by Scheele in 1782. He noted that it was extremely toxic, but it was scarcely used 
as a war gas during the war of 1914-18 because of its high vapor tension and its rapid diffusion. 

Only the French used it, and not more than 4,000 tons were employed during the whole war period. 

Hydrocyanic acid may be prepared in various ways: by passing electric sparks through a mixture of acetylene and 
nitrogen, 


C,H, + N, = 2HCN 


or by heating chloroform with ammonia, 
weer ds HO 
Ci + = 3HC1+ HCN 
AG 7s 


The method most commonly used, especially if it is desired to prepare anhydrous hydrocyanic acid, consists in 
decomposing a cyanide with an acid (hydrochloric, sulphuric, hydrosulfuric, carbonic, etc.). 


KCN + HCl = KCl + HCN 
Hg(CN), + H,S = HgS + 2 HCN 


LABORATORY PREPARATION 

100 gm. potassium cyanide, as free as possible from carbonate and in pellet form, are placed in a flask fitted with a 
tap-funnel and a delivery tube. The delivery tube leads to two U-tubes in series which are filled with a mixture of 
fused and granular calcium chloride, and immersed in a water-bath at 35°C. The second of these tubes may be 
connected to two more U-tubes, the first of which is maintained at about —10°C. in a freezing mixture and the 
second at +20°C. Each of these tubes, which are designed to receive the condensate of hydrocyanic acid formed in 
the reaction, is fitted at the bottom with a glass lead-off tube. This is connected through a glass cock to a cooled 
flask in which the liquid hydrocyanic acid collects. 

Before the preparation is commenced it is advisable to pass a current of dry air through the whole of the apparatus. 
Cooled aqueous sulfuric acid (1 : 1) is allowed to drop slowly through the tap-funnel on to the potassium cyanide, 
regulating the rate of addition so that | drop of hydrocyanic acid condenses in the first receiver every second 


minute. Towards the end of the operation it may be necessary to heat the contents of the flask almost to boiling in 
order to maintain the evolution of hydrocyanic acid. 

The greater part of the hydrocyanic acid produced in the reaction condenses in the first U tube and is collected in 
the corresponding flask. 

According to Slotta, in order to maintain a regular evolution of hydrocyanic acid it is advisable to add about 40% 
ferrous sulfate to the sulphuric acid and to run a recently prepared solution of potassium cyanide on to the sulphuric 
acid (1: 1) which is meanwhile maintained at 50°C, rather than to add the sulfuric acid to the potassium cyanide. 
The evolution tube for the hydrocyanic acid should also be connected to the following apparatus: 

(a) A condenser, in which water vapor and part of the hydrocyanic is condensed. 

(b) A wash-bottle containing 20 ml. 2N. sulfuric acid maintained at 50°C. in a bath. 

(c) A wash-bottle containing glass wool and 200 gm. calcium chloride, maintained at 50° C. in a bath. 

(d) A receiver, cooled externally with ice and salt, in which the hydrocyanic acid collects. 

In storing liquid hydrocyanic acid it is advisable to add 2 drops of concentrated sulfuric acid and to wire on the 
stopper of the bottle. 

In order to prepare hydrocyanic acid for producing a definite concentration of the gas in the air, for example 1% by 
volume in a space of 100 cu. m. capacity, 2.6 liters of 60°Be, sulfuric acid are added to 4.4 liters of water at 50° to 
60°C, then, while still hot, 2.75 kgm. sodium cyanide are added as rapidly as possible. 


INDUSTRIAL PREPARATION 

Until a few years ago, hydrocyanic acid was always prepared by heating potassium ferrocyanide with dilute 
sulphuric acid. 

Nowadays, it is preferred to employ the alkali cyanides, either sodium or potassium, as these are manufactured 
synthetically on a large scale and very cheaply. Usually 50% aqueous sulfuric acid is run on to sodium cyanide 
either in concentrated solution or in lumps, and then the mixture heated in order to drive off the hydrocyanic acid. 
As it is evolved, the acid is dried by passing through calcium chloride and then liquetied by passing it first through 
a coil immersed in water at 15°C. and then through a coil in brine at 0°C. 

Several other methods are now employed industrially for the preparation of hydrocyanic acid. Synthesis from the 
elements is widely used. In this a mixture of hydrogen, carbon monoxide and nitrogen is passed through an electric 
arc, mixtures of nitrogen and hydrocarbons being sometimes employed, ¢.g., 20% methane, 10% hydrogen 2nd 
70% nitrogen. 

Also the formation of hydrocyanic acid from spent fermentation wash may be mentioned. This material is obtained 
from molasses, which, after fermenting and distilling, leaves a residue, which still contains about 4% nitrogen as 
betaine. On further distilling this spent wash to about 40° Be, the evolved gas, after separating from the tar by 
cooling, is passed through a super heater consisting of a quartz tube heated to about 1.000° C. In this way the 
nitrogenous compounds are converted to ammonia and hydrocyanic acid. The gas issuing from the super heater is 
washed with sulfuric acid to remove ammonia, while the hydrocyanic acid is taken out in an alkaline absorbent. By 
this means about 50% of the nitrogen of the spent wash is converted into ammonia and hydrocyanic acid, while the 
other half is lost as elementary nitrogen. 


PHYSICAL AND CHEMICAL PROPERTIES 

Pure anhydrous hydrocyanic acid is a clear colorless liquid with a peculiar odor which is usually compared with 

that of bitter almonds, It has been observed, however, that this substance has an indefinite odor which varies with 
the degree of its dilution with air and the period of exposure to it. 

The vapor from the pure liquid or concentrated aqueous solution causes an irritation at the back of the throat and a 
bitter taste in a short time. Diluted with air it is not very irritant, but has a less disagreeable odor which is somewhat 
aromatic. It is a peculiar property of this substance that even in minute quantity it paralyses the nerves of odor and 
taste, and after a few seconds the first sensitivity to the odor is lost. 

It boils at 26.5°C, and solidifies on cooling at -13.4°C, forming a crystalline mass which melts at -15°C. 

If liquid hydrocyanic acid is colored yellow or brown, it may be considered as being less dangerous, because it is in 
process of alteration. The commercial product should be colorless and contain 96-98% of hydrocyanic acid, the 
balance being water. 

In the gaseous state it is colorless with a vapor density of 0.948; that is, 1 liter of gaseous hydrocyanic acid weighs 
1.21 gm. at O°C. and 760 mm. The specific gravity of liquid hydrocyanic acid is 0.7058 at 7°C. and 0.6969 at 18°C. 
The coefficient of thermal expansion between 0°C. and 15°C. is 0.0010. The critical temperature is 138.5°C. and 
the critical pressure 53.3 atmospheres. The heat of vaporization is 210.7 cals. per gm. By spontaneous evaporation 
the current of air produced passes over the surface of the hydrocyanic acid, lowering the temperature to that of 
freezing (-13.4°C). 


The vapor tension at various temperatures is as follows: 


TEMPERATURE VAPOUR TENSION 
itis MM, MERCURY 
—Io 165 
oO 256 
4 380 
10°8 427 
148 504 
18-0 567 
25°6 757 


Its volatility at 20°C. is 873,000 mgm. per cu. m. Because of its high vapor tension as well as its low density it is 
difficult to maintain a high concentration of hydrocyanic acid in an open place. As t h e toxic action is considerably 
reduced by dilution, numerous artifices were used during the war to render this gas more persistent. Lebeau, in 
France, suggested mixing it with the smoke-producing chlorides, as stannic, titanium or arsenic chloride. The result 
was that the already low stability of the hydrocyanic acid was still further reduced. 

Then it was proposed to add a proportion of chloroform to the mixture, this forming the mixture termed 
"Vincennite" by the French. It consisted of 50% hydrocyanic acid, 30% arsenic trichloride, 15% stannic chloride 
and 5% chloroform. 

Hydrocyanic acid is miscible in all proportions with alcohol, ether, glycerol, chloroform, benzene, tricresyl 
phosphate, etc. It does not dissolve nitro-cellulose, but cellulose acetate and the other cellulose esters are soluble. 
Gums, rubber and gelatin are not dissolved. Carbon dioxide and hydrogen sulfide are slightly soluble and sulfur 
dioxide is soluble in all proportions. 

It dissolves in water to form a solution, which has a weak acid reaction and is unstable in time. The dissolved 
hydrocyanic acid partly forms a brown flocculent substance and partly 

Hydrocyanic acid reacts with benzoyl chloride in presence of pyridine, benzoyl cyanide being formed: 


C,H,COC] + HCN = C,H,COCN + HCl. 


Benzoyl cyanide forms crystals melting at 33°C. and boiling at 206° to 208°C. It is decomposed by water. 
Hydrocyanic acid forms additive compounds with several inorganic salts, such as the following: 


Stannic chloride forms SnCl,.2HCN. 
Titanium chloride ,, TiCl,.2HCN. 
Zinc chloride » ZnCl,.3HCN. 


It can be transported in the liquid condition in metal containers, for example, in tinned-iron cans, which are cooled 
with ice in summer, or in iron cylinders, like the compressed gases (Buchanan). 

The lower limit of sensitivity to the odor is about 1 mgm. per cu. m. of air. 

It is a powerful poison, but the human body is capable of neutralizing the effects of the gas within certain limits. 
Thus in a concentration of about 30 mgm. per cu. m. hydrocyanic acid is eliminated from the human organism as 
rapidly as it is absorbed and so no dangerous consequences follow. At higher concentrations, however, poisoning is 
rapid. 

The lethal concentration, according to Flury, is 120-150 mgm. per cu. m. of air for /2-1 hour's exposure, while, 
according to Prentiss, it is 200 mgm. per cu. m. for 10 minutes' exposure and 150 mgm. per cu. m. for 30 minutes' 
exposure. 


2. Cyanogen Fluoride. CNF (M.Wt. 45) 

Moissan attempted to prepare this substance by acting on cyanogen with fluorine. A very violent reaction took 
place without any deposition of carbon. 

Recently cyanogen fluoride has been prepared by Cosslett by the action of silver fluoride on cyanogen iodide: 


AgF + CNI = AgI + CNF. 


It may also be prepared in lower yield by the action of silver fluoride on cyanogen bromide, but in this case it is 
always impure with brominated products. 


PREPARATION 

1.3 gm. silver fluoride is powdered in a mortar with 1.5 gm. cyanogen iodide and transferred to a Jena glass tube 
about 50 cm. long and 2.5 cm. diameter. After evacuating the tube it is sealed off in the blowpipe and then heated 
in a furnace to 220°C. for 2-1/2 hours. After cooling, the tube is immersed in liquid air and the products allowed to 
condense. The tube is then opened and the contents distilled at -70°C. in a freezing mixture of acetone and carbon 
dioxide. Yield 20-25% (Cosslett). 


PROPERTIES 

Cyanogen fluoride is a colorless gas at normal temperature, and on cooling to a low temperature it forms a white 
pulverent mass which sublimes at —72°C. at atmospheric pressure. 

It is insoluble in water. In glass vessels it is stable and does not attack mercury. However, after storing for about a 
week in glass containers it attacks the surface; this is attributed to the action of light. 


3. Cyanogen Chloride. CNC1 (M.Wt. 6147) 
Cyanogen was discovered by Wurtz and prepared for the first time by Berthollet. It was used during the war by the 
French (October, 1916) both alone and in admixture with arsenic trichloride ("Vivrite"). 


LABORATORY PREPARATION 

It is prepared by the action of chlorine on potassium cyanide. 

About 100 ml. of a solution of chlorine saturated at 0°C. are placed in a 300-ml. flask and cooled while a solution 
of potassium cyanide is allowed to flow in slowly from a tap-funnel until the yellow color of the chlorine 
disappears. The liquid is again saturated with chlorine and further potassium cyanide added still slowly, taking care 
not to add an excess, which causes decomposition of the cyanogen chloride. The latter is then liberated from the 
aqueous solution by warming on the water-bath to 60° to 70°C. 

According to Held, in order to prevent the formation of paracyanogen, a secondary product in the reaction between 
chlorine and potassium cyanide, it is advisable to add to the latter | molecule of zinc sulfate per 4 molecules of the 
cyanide. 


INDUSTRIAL MANUFACTURE 

Cyanogen chloride is also prepared industrially by the reaction of chlorine on sodium cyanide. 

Two solutions are added to a large iron vessel fitted with cooling coils, one of sulfuric acid and the other of sodium 
cyanide. After cooling, chlorine is bubbled in. At the end of the reaction, the cyanogen chloride is distilled off and 
purified from the gaseous reaction products by passing it through a series of purification towers, two containing 
calcium chloride to remove traces of moisture and one containing pumice and arsenic to remove the chlorine still 
present. Yield 80%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Cyanogen chloride is a colorless, very volatile liquid, which boils at 12.5°C. and solidifies at -6.5°C. (Mauguin). 
Its specific gravity is 1.2 and its vapor density 2.1. It is very soluble in water (1 volume water at 20° C. dissolves 25 
volumes cyanogen chloride) and in the organic solvents such as alcohol, ether, etc. The alcoholic solution easily 


decomposes. 
The vapor tension of cyanogen chloride at various temperatures is given in the following table: 
TEMPERATURE VAPOUR TENSION 
°C. MM, MERCURY 

—I0 270°51 

ce) 444°II 

10 681-92 

20 1,001 87 

30 1,427°43 


Its volatility at 15°C. is 2,600,000 mgm. per cu. m. and at 20°C. is 3,300,000 mgm. per cu. m. 

The heat of volatilization at 0°C. is 109 cals., while at 12.5°C. it is 135. The coefficient of thermal expansion a t 
0°C. is 0.0015. 

It has a low stability and is gradually transformed into its trimer, cyanuryl chloride, (CNC1)3, a crystalline substance 
melting at 190°C. and having a specific gravity of 1.32. It is soluble in ether, chloroform, etc. Biologically, it is 
almost inactive. In order to impede this transformation, the French mixed cyanogen chloride with arsenic chloride. 
Water, chlorine and hydrochloric acid tend to favor the polymerization. 

Water slowly hydrolyses cyanogen chloride, forming cyanic acid and hydrochloric acid: 


CNCl + H,O —> HCNO + HCl. 


This reaction is accelerated by the alkali hydroxides. Cyanogen chloride reacts quantitatively with an alcoholic 
solution of ammonia to form cyanamide: 


CNC] + 2NH, = NH,CN + NH,CL 


By the action of alkaline reducing agents, like sodium sulfite with sodium hydroxide, sodium cyanide, sodium 
chloride and sodium sulfate are formed. 

When hydriodic acid is added to an aqueous solution of cyanogen chloride at ordinary temperatures, iodine is 
liberated. 

The amount set free increases slightly on standing, but more rapidly on heating to about 100°C , reaching a 
maximum at 80% of that required by the equation (Chattaway): 


CNCl + 2HI = HCN + HCl + I. 


On heating an aqueous solution of hydrogen sulfide with a solution of cyanogen chloride to about 100°C, sulfur 
separates, while the hydrocyanic acid which is formed is partly hydrolyzed and partly combines with the sulfur, 
forming thiocyanic acid. 

Aqueous solutions of cyanogen chloride do not react with silver nitrate, but aqueous-alcoholic solutions form silver 
chloride. 

Unlike cyanogen bromide, the Prussian blue reaction does not take place with cyanogen chloride. 

It has practically no corrosive action on iron, lead, aluminum, tin or silver. It does attack copper and brass slightly, 
however, a protective coating being formed which prevents further corrosion. 

Commercial cyanogen chloride contains 2-5% of hydrocyanic acid. 

It may be mixed with chloropicrin and with dichloroethyl sulfide without change. 

It is added to "Zyklon B" both to prevent the polymerization of the hydrocyanic acid present and also to act as a 
warning substance. 

Concentrations of 2-5 mgm. per cu. m. of air produce abundant lachrymation in a few minutes. The maximum 
concentration which a normal man can support, without damage for 1 minute is 50 mgm. per cu. m. of air (Flury). 
The lethal concentration for 10 minutes’ exposure is 400 mgm. per cu. m. (Prentiss). 


4. Cyanogen Bromide. CNBr (M.Wt. 10593) 

Cyanogen bromide was first employed by the Austrians in September, 1917, both in benzol solution and in 
admixture with bromoacetone and benzol. 

It was first prepared by Serullas in 1827.1 It is obtained by the action of bromine on potassium cyanide, similarly to 
cyanogen chloride. 


LABORATORY PREPARATION 

150 gm. bromine and 50 ml. water are placed in a flask fitted by means of a three-holed stopper with a tap-funnel, a 
condenser and a thermometer. A solution of 65 gm. potassium cyanide in 120 ml. water, cooled to 0°C, is 
introduced through the tap funnel gradually (about 1 drop per second), into the flask which is also cooled to about 
0° C. and agitated. As soon as the red color of the bromine commences to pale, the cyanide solution remaining in 
the tap-funnel is diluted to about double its volume and added carefully, avoiding an excess, which would cause the 
decomposition of the cyanogen bromide with formation of azulmic products, darkening the color of the mass. 

At the end of the reaction the contents of the flask are transferred to a retort, which is partly filled with calcium 
chloride and stoppered, and then warmed on the water-bath at 65-70°C. 

The cyanogen bromide distils over and condenses in white needles, which may be purified further by redistilling 
over calcium chloride. The yield is about 90%. 


INDUSTRIAL MANUFACTURE 
Tn the preparation of cyanogen bromide from bromine and sodium cyanide there is a loss of half of the bromine as 
sodium bromide: 


NaCN + Br, = NaBr + CNBr. 
In order to avoid this loss, sodium chlorate is generally added, as in the preparation of the halogenated ketones. 
The following reaction takes place: 
NaClO, + 3NaBr + 3NaCN + 6H,SO, = 3CNBr + NaCl + 
6NaHSO, + 3H,0O. 


The manufacture of cyanogen bromide is carried out in large metal vessels in which a solution of the three salts is 
first prepared. 

30% sulfuric acid at a temperature of 30°C. is then slowly run in. At the end of the reaction the product is separated 
by distillation. Yield 75 % 


PHYSICAL AND CHEMICAL PROPERTIES 

Cyanogen bromide forms transparent crystals, which are either acicular or prismatic. It has a penetrating odor and 
melts at 52°C. Its boiling point at 750 mm. is 61.3°C. Its specific gravity is 1.92 and its vapor density 3.6. The 
vapor tension at any temperature may be calculated by means of the following formula: 


2457-5 
273 +t 


log # = 10,3282 — 


Baxter and Wilson give the following experimental values: 


TEMPERATURE VAPOUR PRESSURE 
*<¢; MM. MERCURY 
—I5 6-3 
0 21°2 
T5 63°3 
25 TI9'5 
35 223°5 


The volatility at 16°C. is about 155,000 mgm. per cu. m. and at 20°C. about 200,000 mgm. per cu. m. 

It is only sparingly soluble in water, but more readily in alcohol, ether, carbon disulphide, acetone, benzene and 
carbon tetrachloride. 

The chemical behavior of cyanogen bromide is very similar to that of cyanogen chloride. For instance, like the 
chloride it polymerizes in time to the trimer, (CNBr);. This polymer is reconverted to cyanogen bromide by heat, so 
that in order to purify polymerized cyanogen bromide it is merely necessary to distil it. 

It is decomposed by water, slowly at ordinary temperatures, but more rapidly at 100°C. The products of hydrolysis 
are similar to those formed from cyanogen chloride. It reacts with sodium or potassium hydroxide forming sodium 
or potassium bromide and cyanate: 


CNBr + 2NaOH = NaCNO + NaBr + H,0. 


With an aqueous solution of ammonia it is quantitatively converted to ammonium bromide and cyanamide, as 
follows: 


CNBr -+ 2NH, = NH,Br + NH,CN. 
This reaction may be used for the quantitative determination of cyanogen bromide, according to Oberhauser. 
By the action of the alkali sulfides on cyanogen bromide, the corresponding thiocyanates are formed according to 
the following equation: 


CNBr + K,S = KSCN + KBr. 


With various other substances cyanogen bromide reacts as vigorously as does cyanogen chloride. For instance, 
even at ordinary temperatures iodine is liberated from hydriodic acid and sulfur from hydrogen sulfide, while 
sulfurous acid is oxidized to sulfuric acid: 


CNBr+2HI = I,+ HBr + HCN 
CNBr+ HS = S+HBr+ HCN 
CNBr + H,SO, + H,O = H,SO, + HBr + HCN 


All these reactions take place quantitatively, but that with hydriodic acid is somewhat slow. 


On treatment of cyanogen bromide with tertiary amines, additive products of the following general formula are 
produced: 


These are not stable and decompose with formation of alkyl bromide and dialkyl cyanamides, as follows: 
R Br R, 
1 
RNC > R,Br+ _")N-CN 
R; 


A similar reaction takes place with the tertiary arsines. 

By the action of cyanogen bromide on pyridine in alcoholic solution in the cold, a reddish-brown coloration is 
formed and white crystals separate. 

Cyanogen bromide has a powerfully corrosive effect on metals, attacking copper, iron, zinc, aluminum, and in time 
even lead and brass. 

Unlike cyanogen chloride, the bromide is not miscible with dichloroethyl sulfide, but reacts with it. It is, however, 
miscible with chloropicrin. 

During the war of 1914-18 it was employed in solution in benzene and bromoacetone in the following proportions 
cyanogen bromide 25%, bromoacetone 25%, benzene 50%. This mixture was known as "Campielhte." 
Concentrations of 6 mgm. per cu. m. cause strong irritation of the conjunctiva and of the mucous membranes of the 
respiratory system The limit of insupportability, that is, the maximum concentration which a normal man can 
support for a period of not over 1 minute, is 85 mgm. per cu m , according to Flury, and 40-45 mgm per cu. m., 
according to Ferrarolo. The mortality product is 2,000 according to Muller, and 4,000 for 10 minute's exposure 
according to Prentiss. 


5. Cyanogen Iodide. CNI (M.Wt. 153) 
Cyanogen iodide has a powerful lachrymatory action. It was prepared by Serullas in 1824. It was not used as a war 
gas in the war of 1914-18 however. 


PREPARATION 

It is prepared by the action of iodine on mercuric cyanide or sodium cyanide 12 gm. iodine and 20 gm water are 
placed in a flask of about 200 ml. capacity fitted with (1) a tap-funnel containing 100 ml. of a 5% aqueous solution 
of sodium cyanide, (2) an inlet tube for gas, and (3) an outlet tube. The contents of the flask are stirred and 50 ml. 
of the sodium cyanide solution are run in little by little with continued agitation. The sodium iodide formed in the 
reaction dissolves the iodine and the liquid in the flask is continuously decolorized. When the S50 ml. sodium 
cyanide solution have been added, a slow current of chlorine is passed into the flask, and while continuing to 
agitate the liquid the other 50 ml. cyanide solution are added from the tap-funnel at such a rate that there is always 
an excess of iodine present. The current of chlorine is then stopped and a little more sodium cyanide is added. The 
reaction product is then extracted with ether, the ethereal extract dried over calcium chloride and the ether distilled 
off. A crystalline residue of cyanogen iodide remains. Yield 80-85% of theoretical. 


PHYSICAL AND CHEMICAL PROPERTIES 

Cyanogen iodide forms white crystals, which gradually decompose, liberating iodine. It melts at 146°C, according 
to Cook, and in a closed tube at 140°C. according to Zappi. It dissolves sparingly in cold water but with ease in hot. 
It is more soluble in alcohol and ether. The vapor density is 5.3 (air = 1). 

Cyanogen iodide reacts with hydriodic acid much more readily than the chloride and bromide, iodine being 
liberated. Sulfurous acid is oxidized to sulfuric acid: 


2CNI + H,SO, + H,O = H,SO, + 2HCN + I, 
It reacts quantitatively with sodium arsenite according to the equation: 
CNI ++ Na;AsO, +- 2NaOH = NaCN -++- Na;AsO, + Nal -+- H,0O. 
It also reacts with hydrochloric acid, forming iodine monochloride: 
CNI + HCl = 2HCN + ICl, 


. . .and with hydrobromic acid liberating bromine and iodine: 


2CNI + 2HBr = 2HCN + I, + Brg. 


and sulfur is liberated from sulfides. 


Tt does not react with silver nitrate. On treatment of an aqueous solution of cyanogen iodide with potassium 
hydroxide and subsequent addition of ferrous and ferric salts and hydrochloric acid, a precipitate of Prussian blue is 
obtained. 

The reactions of cyanogen iodide with many other substances have been studied. From these it has been found that 
when treated with reducing agents its iodine is completely removed, while other reagents which normally remove 


iodine from iodides do not affect it. 
Br 
C,H,CH¢ 


Bromobenzyl cyanide was prepared by Reimer in 1881, but it was not isolated in the pure state until 1914 .It was 
employed as a war gas by the French in the last years of the war, usually in solution in chloropicrin. 

According to American experiments made since the war, this compound is to be considered as one of the most 
efficient of the war gases because of its great persistence and its high lachrymatory power. 

It is also known as "Camite" (France), and by the symbol "CA" (America). 


6. Bromobenzyl Cyanide. (M.Wt. 196) 


PREPARATION 

Bromobenzyl cyanide was prepared by Reimer by the action of bromine on benzyl cyanide heated to 120° to 130° 
Cc. 

This compound may be prepared either by the action of cyanogen bromide on an alcoholic solution of benzyl 
cyanide in presence of sodium ethylate, according to the equation: 


Br 
C,H;CH,CN + BrCN + NaOC,H,; = C,H,CH< + NaBr-+C,H;OH 


. . or else, by a method similar to that used by Reimer, by the action of bromine vapor on benzyl cyanide heated 
simply to 105°C, or to 120°C. while the gas mixture is exposed to the light of a 1,000 c.p. Osram lamp. By this 
method a much higher yield of bromobenzyl cyanide is obtained. 


LABORATORY PREPARATION 

In preparing this substance, it is advisable to start with benzyl bromide and first convert this into the cyanide, which 
is afterwards brominated. 

60 gm. benzyl bromide, 27 gm. potassium cyanide, 45 gm. ethyl alcohol and 25 gm. water are placed in a flask 
fitted with a reflux condenser and boiled for 4 hours. The mixture is then extracted with ether, the ether extract 
separated and dried over calcium chloride, the ether distilled off and the residue itself then distilled, the fraction 
boiling between 210° and 240°C. being collected. This may then be fractionally redistilled, when the portion 
boiling between 228° and 233°C. is collected. 

36 gm. benzyl cyanide are placed in a flask of 100-150 ml. capacity, fitted with a two-holed stopper. Through one 
of the holes a reflux condenser passes and through the other a tap funnel. 

The top of the condenser is connected by means of a tube bent at right angles with a flask containing water which 
serves to absorb the hydrobromic acid evolved during the reaction. 

60 gm. bromine are added slowly from the tap-funnel during % hour while the benzyl cyanide is heated to about 
120°C. 

After allowing to cool, the product is washed with 5% soda solution, extracted with ether and the ether removed by 
distillation, after filtering. The residue is then distilled in steam or at reduced pressure (25 mm.). 


INDUSTRIAL MANUFACTURE 

In the industrial manufacture of bromobenzyl cyanide it is preferable to commence with benzyl chloride rather than 
benzyl bromide. This is easily obtained by the chlorination of toluene under the influence of sunlight or by the aid 
of a mercury vapor lamp. 

An alcoholic solution of benzyl chloride is heated at 80°C. for 3-4 hours with the corresponding quantity of 
potassium or sodium cyanide dissolved in water: 


C,H,—CH,Cl + KCN = KCl + C,H,—CH,CN. 


When the reaction is complete the alcohol is first distilled off and then the residue is distilled in a current of steam 
until no more oily distillate comes over. Crude benzyl cyanide is thus obtained. 


As the yield of bromobenzyl cyanide is greatly dependent on the purity of the benzyl cyanide, it is advisable to 
purify the latter by fractional distillation under reduced pressure. 

The benzyl cyanide obtained may be converted into bromobenzyl cyanide by treatment with a mixture of air and 
bromine vapor in sunlight or under the influence of ultra-violet rays: 


Br 
C,H;-CH.CN + Br, = HBr + CH,-CH( 
CN 


The amount of air should be carefully regulated so that bromine is neither carried forward nor remains in the benzyl 
cyanide as hydrobromic acid, this latter eventuality causing the formation of a dibrominated derivative which has 
no aggressive properties. 

The reaction temperature is about 60°C. 

After the bromine has been completely absorbed, dry air is passed through the reaction-product to drive off any 
traces of hydrobromic acid. This is absorbed in sodium hydroxide and may be recovered. The bromobenzyl cyanide 
is stored in containers coated internally with lead, or enamelled. 


PHYSICAL AND CHEMICAL PROPERTIES 
Pure bromobenzyl cyanide forms yellowish-white crystals melting at 25-4°C. In time these crystals become pink by 
incipient decomposition. 
The technical product is an oily liquid, brown with the impurities, usually liquids, which it contains. In order to 
purify it, it is necessary to recrystallize repeatedly from alcohol. It has a pungent but not disagreeable odor. 
The pure product boils at ordinary pressure at 242°C. with decomposition, distilling unaltered at 132° to 134°C. at 
12 mm. mercury pressure. 
The specific gravity of bromobenzyl cyanide between 0°C. and 50°C. is as follows: 

TEMPERATURE 


OG. S.G. 
° I°5360 
5 1-5312 
10 I:5262 
20 I'5160 
30 I°5000 
50 1-4840 
The vapor tension of bromobenzyl cyanide is given in the following table at various temperatures: 
TEMPERATURE VAPOUR TENSION 
"iC; MM. MERCURY 
0) O-0019 
Io 0°0050 
20 0’01I20 
30 00281 
50 0-1280 


The vapor density is 6.8 (air = 1). The latent heat of volatilization is 587 cals. The volatility at 20° C. is 130 mgm. 
per cu. m. (Prentiss), and at 30°C. is 420 mgm. per cu. m. 

Muller reports a volatility of 750 mgm. per cu. m., which possibly refers to the technical product. 

It is insoluble in water, though it easily dissolves in many organic solvents (alcohol, benzene, carbon disulphide, 
acetic acid, acetone, ether, chloroform, carbon tetrachloride, etc.). It is also soluble in several of the other war 
gases, such as phosgene, chloropicrin, etc. Because of this property, it may be used together with these war gases so 
as to attain a more complete range of effects. 

Bromobenzyl cyanide decomposes on heating: at 160°C. the decomposition commences with the formation of 
dicyanostilbene and hydrobromic acid: 


C,H,C-CN 
’ 


d 2 HBr 
C,H,C-CN 


CN 
2 CHC” _ 
r 


It is highly resistant to chemical and atmospheric agencies. 


Water and humidity decompose it only very slowly. Cold sodium hydroxide solution acts similarly, though on 
prolonged boiling almost quantitative decomposition takes place with an aqueous solution of sodium hydroxide. A 
20% solution of sodium hydroxide decomposes two and a half times its own weight of the cyanide. Alcoholic 
potash decomposes it even in the cold. 

When treated with some of the most vigorous oxidizing agents, such as potassium or sodium chlorate, potassium 
permanganate, peroxides, etc., it is attacked only slowly. Owing to this stability to humidity and to chemical 
reagents, as well as its low vapor pressure, this substance has a high persistence, especially in suitable 
meteorological conditions such as cold, dry weather. 

Bromobenzyl cyanide in alcoholic solution reacts with sodium sulfide to form dicyanobenzyl sulfide: 


C,H;CHCN 
2 C,H,CH(CN)Br + Na,S = )s + 2NaBr 
C,H,CHCN 
. . Which forms yellow crystals with m.p. 150° to 152°C. It is insoluble in water, but soluble in the common 
organic solvents. 


On boiling bromobenzyl cyanide with an aqueous-alcoholic solution of sodium thiosulfate, the sodium salt of 
cyanobenzyl thiosulfuric acid is formed: 


C,H,CH(CN)Br -+ NayS,0, = CgH,CH(CN)S,0,Na + NaBr. 
This, on treatment with hydrochloric acid, gives cyanobenzyl mercaptan: 
2 C,H,CH(CN)S,0,;Na + 2 H,O +2 HCl = 
= [C,H,CH(CN)SH], + 2 NaCl + 2 H,S0, 


. ..which forms crystals melting at 101°C. It is insoluble in water, but soluble in alkalies and in the common 
organic solvents. 
On mixing an alcoholic solution of bromobenzyl cyanide with ammonium thiocyanate, cyanobenzyl thiocyanate is 
formed: 

C,H,CHBrCN + NH,SCN = C,H,CH(CN)SCN + NH,Br. 
This forms white crystals with m.p. 63° to 65°C, insoluble in water, but soluble in all the usual organic solvents 
with the exception of ligroin. It decomposes on heating to 100°C. 
From the practical point of view, bromobenzyl cyanide has a great limitation in application because of its low 
stability to the shock of the bursting of the projectile. It can only be employed in bombs with a comparatively small 
bursting charge. 
It also has the inconvenient property of vigorously attacking all the common metals except lead, and in doing so its 
lachrymatory properties are destroyed. Containers which are to be used for holding bromobenzyl cyanide must 
therefore be coated internally with lead or glass. It does not attack rubber. 
It is highly irritant. The minimum concentration which causes lachrymation is 0.3 mgm. per cu. m. of air according 
to Muller, and 0.2 mgm. per cu. m. of air according to Ferri. The limit of insupportability is 30 mgm. per cu. m. 
(Muller); 5 mgm. per cu. m. (Ferri). Haber's toxicity product is 7.500. This value is considered too low by Ferri and 
Madesani, from experiments carried out on dogs and cavies. According to these observers, the toxic-suffocating 
power of bromobenzyl cyanide is insufficient to be of practical use. 


7. Phenyl Carbylamine Chloride (M.Wt. 175) 


This substance was prepared in 1874 by Sell and Zierold, and was employed as a war gas towards the middle of 
1917 (in May) by the Germans. It was principally used in projectiles together with dichloroethyl sulfide in order to 
mask the odor of the latter. 

Phenyl carbylamine chloride is usually prepared by the chlorination of phenyl isothiocyanate: 


cl 
C,H,-N=C=S +2 Cl, = CoH N=CC + SCl, 


Various methods have been employed for preparing phenyl isothiocyanate. It may be obtained, for instance, from 
carbon disulfide and aniline, which react to form thiocarbanilide in presence of alkali hydroxides: 


NH-C,H, 
NH-C,H, 


.. .and this on heating with acid decomposes into aniline and phenyl isothiocyanate: 
gc(NE Cs 
=C —> C,H,-NH, + C,H,-N=C=s 
5 2 bh aa 
NH-C,H, 
Another rather similar method is to treat carbon disulfide with aniline in presence of lime. Calcium phenyl 
dithiocarbamate is first formed, according to the equation: 


C3, + 2C,H,-NH, = H,S + $-c( 


S 
CH-NH-C¢ ; 

2 CS, + 2 C,H,-NH, + Ca(OH), = 24,0 + pe 
CH NH-C( 


On treating this with an alkaline zinc chloride solution it decomposes with production of phenyl isothiocyanate: 


$ 
| 
(GH, NH-A-S),Ca — Ca(SH), + 2 C,H,-N=C=$ 


This second method of preparation was employed by the Germans during the war. 


LABORATORY PREPARATION 

In the laboratory, phenyl isothiocyanate is first prepared from aniline and carbon disulphide and the product then 
chlorinated. 

40 gm. aniline, 50 gm. carbon disulphide, 50 gm. alcohol and 10 gm. potassium hydroxide are heated to boiling on 
a water-bath for 2-3 hours in a flask of about 300-400 ml. capacity fitted with a reflux condenser. The condenser is 
then altered so as to make distillation possible, and the excess of carbon disulfide and alcohol removed by 
distillation. The residue is taken up with water, when crystals of thiocarbanilide separate. These are filtered off and 
washed with water. After drying, 30 gm. are weighed into a round-bottomed flask of 350-400 ml. capacity which is 
connected with a Liebig's condenser. 120 ml. hydrochloric acid (S.G. 1.19) are added and the mixture rapidly 
distilled almost to dryness. The distillate is collected in separatory funnel and then diluted with an equal volume of 
water. The oily layer of phenyl isothiocyanate, which separates is dried with calcium chloride and distilled under 
reduced pressure. 

15 gm. of the phenyl isothiocyanate obtained are placed in a flask of 50-100 ml. capacity and dissolved in 20 gm. 
chloroform. 

The solution obtained is cooled with ice and water and saturated with chlorine for about 2 hours. The current of 
chlorine is stopped when the space over the liquid is colored greenish-yellow. 

The chloroform is distilled off and the residue fractionally distilled by heating the flask with a naked flame. The 
fraction which passes over between 200° and 215°C. is collected and purified further by distillation under reduced 
pressure. The yield is 80-90% of the theoretical. 


INDUSTRIAL MANUFACTURE 

The method used by the Germans consisted in preparing the phenyl isothiocyanate first from carbon disulphide, 
milk of lime and aniline and then chlorinating this. 

450 kgm. carbon disulphide are mixed with an excess of a 30% milk of lime in a large iron vessel and then about 
560 kgm. aniline are added in small quantities during 1 hour. The mixture is agitated for about 24 hours at 25°C. 
Meanwhile 840 kgm. zinc chloride are dissolved in sufficient water to give a 50% solution and this mixed with 550 
kgm. of a sodium hydroxide solution of 40°Be. The products of the reaction are added to this and the whole is then 
maintained at 30° to 40°C. By the action of the sodium zincate, phenyl isothiocyanate is formed and this may be 
separated from the other products of the reaction by steam distillation. 


600 kgm. of the phenyl isothiocyanate are placed in a vessel and a current of chlorine bubbled through it, 
maintaining the temperature at 0°C, until the specific gravity of the reaction product reaches the value of 1.45 
(about 24 hours). The sulfur chloride is separated by distillation, when the phenyl carbylamine chloride remains as 
a residue ; it is transferred to containers for storage. Yield 90%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Phenyl carbylamine chloride is an oily liquid, which is only slightly volatile. It is pale yellow in color and has an 
onion-like odor. At ordinary pressure it boils at 208° to 210° C., and at 15 mm. pressure at 95°C. The specific 
gravity is 1-30 at 15° C, and the vapor density is 6-03. The coefficient of thermal expansion is 0.000895. The 
volatility at 20° C. is 2,100 mgm. per cu. m. It is insoluble in water, but soluble in chloroform, carbon tetrachloride 
and other organic solvents. 

Like the isonitriles, it has a strong tendency to react with various substances. For instance, it reacts quantitatively 
with hydrogen sulfide even at ordinary temperature, forming phenyl isothiocyanate: 


cl H 
CHeN-C( es > = 2 HCl + C,H,-N=C=S 


In contact with mild oxidizing agents like mercuric oxide, silver oxide, etc., phenyl isocyanate is formed: 
Cl Ag 
CH N=CC + ao? = 2 AgCl + C,H,-N-C-0 


It is not hydrolyzed by water at ordinary temperatures, but on heating to 100°C. in a closed tube it is decomposed 
with formation of diphenyl urea: 


1 H 
cutee ne Yo = CH,-N-C-0 + 2 HCl 
Cl H 


OH 
C,H,-N=C-O + H,O = CO 


2 cot NH-C,H, 
ks = CO, co 
NH C,H, H,O + 2 - NH- C,H, 


On heating with aniline it reacts vigorously, forming triphenyl guanidine (Nef). 

Phenyl carbylamine chloride, even when diffused in the air in the vapor state (at concentrations above 4%), 
produces with the Grignard reagent a turbidity like that obtained with dichloroethyl sulfide (Hanslian). 

In contact with steel it decomposes slowly. 

Owing to its high boiling point it is classed as a very persistent war gas, but found only limited employment in the 
last war. 

The irritant power of phenyl carbylamine chloride is very great; according to Muller 3 mgm. are sufficient to 
produce irritation. The limit of insupportability is 30 mgm. per cu. m. of air. The mortality-product is 3,000 
according to Muller and 5,000 for 10 minutes' exposure according to Prentiss. 


Analysis of the Cyanogen Compounds 


DETECTION OF HYDROCYANIC ACID 

Of the various methods proposed for the detection of hydrocyanic acid, the following are recommended: 

The Prussian Blue Reaction. On addition to an alkaline solution of hydrocyanic acid of a few ml. of ferrous sulfate 
solution and of ferric chloride solution, then shaking and warming, a blue precipitate of ferric ferrocyanide appears 
on acidification with hydrochloric acid. In presence of only a trace of hydrocyanic acid, only a greenish-blue 
coloration appears, due to the formation of a colloidal suspension of the ferric ferrocyanide. On standing 
(sometimes for as long as 12 hours) the suspension settles to blue floes, leaving the supernatant solution colorless. 
This reaction is specific for hydrocyanic acid and is quite sensitive, detecting 5 mgm. per cu. m. of air according to 
Kolthof. 


The Prussian blue reaction may be rendered more convenient in use by employing a reaction paper. For this 
purpose Ganassini's paper is strongly recommended. It is prepared by immersing a strip of filter paper, just before 
use, in a mixture of 10 ml. 10% ferrous sulfate solution (containing a trace of ferric salt) and 20 ml. of an alkaline 
solution of Rochelle salt (30 gm. Rochelle salt, 10 gm. potassium hydroxide and 100 ml. water). This paper should 
be exposed first to the atmosphere containing hydrocyanic acid and then to hydrochloric vapor, 

when it becomes greenish-blue. 

The Ferric Thiocyanate Reaction. This test is carried out on a solution of the material to be examined ; if the 
sample is gaseous, a solution may be obtained by bubbling it through an alkaline solution. The solution is 
evaporated on the water-bath with a little ammonium sulfide and the residue is taken up in dilute hydrochloric acid, 
filtered, and the nitrate then treated with a few drops of a very dilute solution of ferric chloride. In the presence of 
hydrocyanic acid the liquid is colored blood red, or merely pink if only traces of hydrocyanic acid are present, 
owing to the formation of ferric thiocyanate. When a weak coloration is obtained, it may be rendered more distinct 
by adding a little ethyl ether to the solution: the ferric thiocyanate then passes into the ether, producing a more 
intense coloration. 

Guignard's Sodium Picrate Paper. Sodium picrate paper on exposure to gaseous hydrocyanic acid assumes a blood- 
red color by the formation of sodium isopurpurate. 

These papers are prepared by immersing strips of filter paper first in a 0.1% aqueous solution of sodium carbonate, 
allowing them to dry, and then immersing them in a 0.1% aqueous picric acid solution. The Grignard reaction is 
sensitive (0.05 mgm. hydrocyanic acid gives a coloration in 12 hours), but not specific, for various reducing 
substances, as aldehydes, acetone, hydrogen sulfide and sulfur dioxide also respond to it. 

Benzidine Acetate Reaction. If a solution of benzidine acetate is added to a dilute solution of hydrocyanic acid in 
presence of copper acetate, an intense blue coloration is produced. This reaction, which was suggested by Pertusi 
and Gastaldi, is more conveniently applied by means of papers prepared as follows: Two separate solutions are 
prepared: 

(a) 2-86 gm. copper acetate in | liter of water. 

(b) 475 ml. of a solution of benzidine acetate, saturated at ordinary temperature, together with 525 ml. water. 

The two solutions are mixed in equal parts just before use and strips of filter paper are immersed in the mixture. 
The two solutions may be kept separately for a long period if stored in a dark place, but the mixture undergoes 
alteration in the course of about a fortnight. 

According to Smolezyk, on exposing a benzidine acetate paper in an atmosphere containing 0.0001% by volume of 
hydrocyanic acid (1.1 mgm. per cu. m. at 20°C), the change of color to blue takes place in 1 minute. 

Wieland's Method. This method of detecting hydrocyanic acid depends on the decolorization of starch iodide by 
the substance: 


HCN + I, = HI + CNI. 


This reaction was employed by the Americans during the war and was carried out by passing the gas to be 
examined through a 2% solution of sodium bicarbonate containing starch solution and iodine. In the presence of 
hydrocyanic acid the solution is completely decolorized. The reaction is quite sensitive (8 mgm. per cu. m. of air), 
but is not specific for hydrocyanic acid (Guareschi). 


QUANTITATIVE DETERMINATION OF HYDROCYANIC ACID 

Hydrocyanic acid may be determined gravimetrically, volumetrically or colorimetrically. 

Gravimetric Methods. These methods are seldom employed because of their laborious nature. In any case, their use 
is advisable only when the quantity of hydrocyanic acid to be determined is not too small. Of these methods, the 
procedure of Rose is the most generally employed. 

In this the hydrocyanic acid is precipitated by silver nitrate from solutions slightly acidified with nitric acid (not 
more than 2% nitric acid). The precipitate is filtered on a tared filter, washed, dried at 100°C. and reweighed. Rose 
also described the alternative procedure of heating the precipitate to redness for about 4 hour and weighing it as 
metallic silver. 
Volumetric Methods, (i) Liebig's Method. This depends on the fact that when a neutral or alkaline solution of an 
alkaline cyanide is treated with silver nitrate solution drop by drop, a white precipitate of silver cyanide forms as 
each drop enters the solution. This disappears on shaking because the silver cyanide dissolves in the excess of alkali 
cyanide to form an argentocyanide 


KCN + AgCN = Ag(CN),K. 


When all the cyanide has been transformed into argento-cyanide, however, the first drop of silver solution in excess 
produces a turbidity caused by the decomposition of the double cyanide and formation of insoluble silver cyanide: 


Ag(CN),K + AgNO, = 2AgCN + KNO,. 
The total reaction is as follows: 
2KCN -+ AgNO, = KNO, -++ Ag(CN).K. 


In order to carry out this determination, not more than 0.1 gm. free hydrocyanic acid is treated with a few ml. of 
sodium hydroxide solution and 0.5 gm. sodium bicarbonate and made up to a volume of 50 ml. with water. The 
titration is carried out with decinormal silver nitrate solution, shaking until finally a slight permanent opalescence 
remains. 


1 ml. N/1o AgNO, = 0-:005404 gm. HCN. 


In order to detect the end-point with greater ease it is better to add a little sodium iodide to the solution. This reacts 
with the silver nitrate only when all the hydrocyanic acid has been converted into the double cyanide. 

(2) Fordos and Gelis's Method. The method suggested by Fordos and Gelis a depends on the reaction between 
hydrocyanic acid and iodine in presence of alkali bicarbonate, which has been mentioned already: 


HCN + I, = HI + CNI. 


The solution for examination should not contain more than 0.05 gm. hydrocyanic acid. It is treated with a few ml. 
of sodium hydroxide solution and 0.5 gm. sodium bicarbonate, and is then titrated with a decinormal solution of 
iodine until a yellow color persists. In this case it is unnecessary to use starch as indicator: 


1 ml, N/r0 iodine solution = 0-001351 gm. HCN. 


Several analytical procedures have been based on this reaction, e.g., those of Seil. The following is especially 
suitable for the analysis of hydrocyanic acid used in the mixtures of gases used for disinfestation. 

About 200 ml. distilled water are placed in a 1-litre Woulfe's bottle having two necks. One of these necks is fitted 
with a delivery tube reaching almost to the bottom of the bottle for the entry of the gas mixture, while the other is 
connected with an aspirator. 5 ml. 5% sodium bicarbonate solution, 5 ml. 1% starch solution and 10 ml. standard 
iodine solution are added to this water in the bottle, the concentration of the iodine solution being chosen according 
to the amount of hydrocyanic acid presumed to be present in the gas. Usually, in analyzing disinfestation mixtures, 
an iodine solution containing 0.94014 gm. of iodine per liter is employed, 10 ml. of this solution corresponding to 
0.001 gm. hydrocyanic acid. 

By means of the aspirator, which is of about 5 liters capacity, the gas sample is drawn slowly through the Woulfe's 
bottle. 

The absorbing liquid is continually agitated. The water flowing out of the aspirator is accurately measured in a 
graduated cylinder. When the iodine solution is decolorized the gas-flow is immediately stopped and the water 
volume measured, this corresponding to the volume of gas examined. 

(3) Colorimetric Method. For the approximate estimation of hydrocyanic acid in air, W. Deckert's apparatus may 
be employed. 

This is based on the intensity of the blue color produced by hydrocyanic acid on benzidine acetate paper. 

The apparatus consists of an aspirator A, one stroke of whose piston aspirates 25 ml. air through the aperture C. 
This air passes first through the cylinder B and then over the reaction paper, which rests on the disc D. The disc is 
divided into three sectors colored pale blue, blue and deep blue 3 respectively. 

In carrying out an analysis with this apparatus, a sufficient number of inspirations of air are made to obtain a 
coloration of the reaction paper to match one of the three sectors. The amount of HCN in the air may then be 
obtained from the following: 


Pale blue corresponds to 0:004 mgm. HCN. 
Blue by 0-008 rh 
Deep blue ”» 0-012 ” 


This is accurate to + 25%. 


Fic, 13. 


QUANTITATIVE DETERMINATION OF CYANOGEN CHLORIDE 

Cyanogen chloride may be estimated by utilizing its reaction with alkalies. The substance to be examined is treated 
with an excess of a standard solution of sodium hydroxide and the excess then determined by titration with 
sulphuric acid. 


Phenolphthalein should be used as the indicator, as it does not react with sodium cyanate: 
CNCl + 2NaOH = NaCNO + NaCl + H,0. 


From this equation it is seen that each molecule of cyanogen chloride reacts with two molecules of sodium 
hydroxide. If, for instance, NV ml. normal sodium hydroxide were used and n ml. normal sulphuric acid were 
necessary to neutralize the excess, the quantity of cyanogen chloride present in the sample is given by the 
following: 


CNCl = (N — n) 0:0306. 


QUANTITATIVE DETERMINATION OF CYANOGEN BROMIDE 
(1) The Hydriodic Acid Method. The determination of cyanogen bromide by this method depends on the 
estimation of the iodine liberated in the reaction between hydriodic acid and cyanogen bromide: 


CNBr -++ 2HI = I, -+- HBr + HCN. 


In carrying out this determination, a weighed quantity of cyanogen bromide is treated with an excess of hydriodic 
acid solution, which is prepared by dissolving 10 gm. potassium iodide in 100 ml. of a 5% solution of acetic acid. 
The iodine liberated is titrated with a decinormal solution of sodium thiosulfate. 

(2) The Ammonia Method. This method depends on the decomposition of cyanogen bromide by ammonia: 


2NH, + CNBr = NH,Br + NH,CN, 


.. and the titration of the ammonium bromide formed with silver nitrate. 

The sample to be analyzed is weighed accurately into a flask, about 100 ml. aqueous ammonia are added and the 
flask stoppered and allowed to stand in the cold for about 20 minutes. After warming for a short time on the water- 
bath, the solution is diluted with 300 ml. water and brought to the boil to free it from the excess of ammonia. It is 
then slightly acidified with nitric acid and titrated with silver nitrate solution. 


The decomposition of cyanogen bromide may be carried out with sodium or potassium hydroxide instead of 
ammonia. 


QUANTITATIVE DETERMINATION OF CYANOGEN IODIDE 
The determination of cyanogen iodide may be carried out by utilizing its reaction with sodium arsenite: 


CNI ++ Na,AsO, + H,O = HCN + HI + NagAs0,. 


The sample is treated with an exactly measured quantity of standard arsenious acid solution in excess and an excess 
of a 15% solution of sodium hydroxide. The liquid is warmed on the water-bath, and while still hot a slow current 
of carbon dioxide is passed through until the hydrocyanic acid is completely eliminated. The solution is then 
allowed to cool and made up to a convenient volume. The excess of arsenious acid is then determined in an aliquot 
of this by addition of sodium bicarbonate and titration with a standard solution of iodine. 


CHAPTER XIV 
SULPHUR COMPOUNDS 


(A) MERCAPTANS AND THEIR DERIVATIVES 

THE mercaptans may be considered as derivatives of hydrogen sulfide, with one hydrogen atom substituted by an 
alkyl radical. 

These compounds, unlike hydrogen sulfide itself, have a comparatively low toxicity, confirming what has already 
been indicated regarding the influence of alkyl groups on the toxicity of substances. It also follows that the 
introduction of one or more halogen atoms into the molecule does not generally increase the toxicity, but decreases 
the chemical stability. 

Of the chloro-compounds, perchloromethyl mercaptan and its less chlorinated derivative, thiophosgene, have been 
used as war gases. Although the latter cannot be considered as a mercaptan, it is described in this chapter because 
of its close relationship to perchloromethyl mercaptan. 


1. Perchloromethy! Mercaptan (M.Wt. 185-91) 


This substance was employed by the French in September, 1915, but with little success owing to its low offensive 
powers. 
It was prepared in 1873 by Rathke and later by others, by the action of chlorine on carbon disulfide: 


ps CCl, 
2 a 5Cl, = 2 s( + SCI, 


The temperature of the reaction should not be allowed to rise above 50°C., otherwise more highly chlorinated 
compounds will be formed, especially in the presence of an excess of chlorine. 

Perchloromethyl mercaptan may also be obtained by the action of chlorine on methyl thiocyanate or on 
thiophosgene. 


LABORATORY PREPARATION 

In the laboratory, perchloromethyl mercaptan is easily prepared by the method recommended by Helfrich, 1 based 
on the reaction of chlorine with carbon disulfide. 

75 gm. carbon disulphide and 0-3 gm. iodine are placed in a flask of 200-300 ml. capacity fitted with a reflux 
condenser. 

While the flask is being externally cooled with water, a current of dry chlorine is passed in for several hours. In 
order to accelerate the reaction, it is as well to expose the contents of the flask to diffused daylight. When the 
volume of the liquid has been approximately doubled (and its weight has reached about 150-160 gm.) the current of 
chlorine is stopped and the mixture allowed to stand overnight. It is then warmed on the water-bath to drive off the 
excess of carbon disulphide and also the carbon tetrachloride, which is formed as a secondary product of the 
reaction. The sulfur chloride is decomposed by adding an equal volume of water to the residue and shaking 
vigorously. This is then distilled first in steam and then under reduced pressure (50 mm.). 


PHYSICAL AND CHEMICAL PROPERTIES 

Perchloromethyl mercaptan is an oily, clear yellow liquid with an unpleasant odor, which boils at ordinary pressure 
at 148° to 149°C. with decomposition. At 50 mm. pressure it distils unaltered at 73°C. Its specific gravity is 1.722 
at O°C, its vapor density is 6.414, and its volatility is 18,000 mgm. per cu. m. at 20°C. 

When perchloromethyl mercaptan is heated with water in a closed tube to 160°C, it decomposes into carbon 
dioxide, hydrochloric acid and sulfur. This decomposition also takes place to a very limited extent by the action of 
atmospheric humidity. 

In the presence of oxidizing agents, the sulfur atom is oxidized and the perchloromethyl mercaptan is converted 
into trichloromethyl sulfonic chloride, CCl;—SO2—Cl. 


Reducing agents act on perchloromethyl mercaptan in various ways. For instance, nascent hydrogen (from zinc and 
hydrochloric acid) reduces it to methane, iron and hydrochloric acid converts it into carbon tetrachloride (Helfrich), 
while with stannous chloride, thiophosgene is obtained. 


C 
se + SnCl, = SnCl, + s.c(" 


This last reaction also takes place with some other reducing agents, such as copper and silver powder. 
When treated in the cold with chlorine, perchloromethyl mercaptan is converted into sulfur chloride and carbon 
tetrachloride: 


CCl, 
s( + Ch = SCh + CC, 


In contact with iron, perchloromethyl mercaptan decomposes even at ordinary temperatures. 

Perchloromethyl mercaptan has an irritant action on the eyes. The minimum concentration capable of causing this 
irritation is 10 mgm. per cu. m. of air. The limit of insupportability is 70 mgm. per cu. m. and the mortality-product 
is 3,000 (Muller). 


2. Thiophosgene (M.Wt. 114 98) 


Cl 
6 
Na 


Thiophosgene was prepared by Kolbe in 1843, and was employed as a war gas by the Austrians and the French in 
the war of 1914-18 (“Lacrimite ”). 


Preparation 
It may be obtained by passing a mixture of carbon tetrachloride and hydrogen sulfide through a red-hot tube, or by 
passing perchloromethyl mercaptan over silver powder: 


CCS + 2Ag = CCLS + 2AgCl. 


In the laboratory, it is preferable to prepare thiophosgene by the reduction of perchloromethyl mercaptan with tin 
and hydrochloric acid. 

60 gm. of granulated tin and 200 ml. hydrochloric acid (density 1.19) are placed in a round-bottomed flask of about 
| liter capacity fitted with a tap-funnel and a reflux condenser. It is warmed gently to accelerate solution of the tin 
and meanwhile 60-70 gm. perchloromethyl mercaptan are added gradually from the tap-funnel. When it has all 
been added the contents of the flask are heated and the thiophosgene distilled off. In order to obtain a purer product 
it is redistilled. 

In France during the war, thiophosgene was prepared by acting on carbon disulfide with chlorine at ordinary 
temperatures and then reducing the perchloromethyl mercaptan formed as intermediate product with stannous 
chloride. 


PHYSICAL AND CHEMICAL PROPERTIES 

Thiophosgene is an oily liquid with an orange-yellow color and a pungent odor. It fumes in the air and boils at 
T3:5°€, 

Its specific gravity at 15°C. is 1.508 and its vapor density. 

It is insoluble in water. On heating even to 200°C, it decomposes to a slight extent (Klason), but on heating with 
dry ammonium chloride it is quantitatively decomposed into carbon disulfide and carbon tetrachloride: 


Cl 
255C : — CS, + CCl, 


Exposure to light. even for a short time, converts it into a polymer of the formula C2C,,S2. This is termed 
"dithiophosgene" and forms colorless crystals melting at 116°C. 
Water slowly decomposes thiophosgene in the cold and rapidly hot (Bergreen): 


cl 
s-c( |, + 2,0 = HS 4+2HCI +O, 


A similar decomposition is produced by the action of alkalies. 
With ammonia, ammonium thiocyanate is formed. The alkali sulfites react vigorously as follows (Rathke): 


cl 
s-c(, 4 2 K,S0, + KHSO, = C(SO,K),SH + 2 KCI 


Chlorine is rapidly absorbed even in the cold, perchloromethyl mercaptan being formed (Klason). 
Strong acids, even fuming nitric acid, do not decompose it (Kolbe). 
The lethal concentration for 30 minutes’ exposure is 4,000 mgm. per cu. m. of air (Lindemann). 


(B) SULFIDES (THIOETHERS) AND THEIR DERIVATIVES 

The sulfides, or thioethers, whose general formula is R—S—R, may be considered as derivatives of hydrogen 
sulfide in which both the hydrogen atoms have been substituted by alkyl groups. 

These compounds have no toxic action on the human organism, but, like the sulfur derivatives already described, a 
certain degree of toxicity and in some cases powerful vesicant power are acquired when one or more of the 
hydrogen atoms in the alkyl radicals are substituted by one or more halogen atoms. Thus from methyl sulfide, 
chloromethyl sulfide is obtained, this having a toxic power on the respiratory system. From ethyl sulfide, 
derivatives are obtained which have differing toxic actions according to whether the halogen atom is attached at 


position o or p: 
H,-CH, 


H,-CH, 
a 6 


The monosubstituted derivatives, ethyl-f-chloroethyl sulfide and ethyl $-bromoethyl sulfide, are weak in toxicity, 
as is also the disubstituted compound aa’-dichloroethyl sulfide. The disubstituted derivative with both the halogen 
atoms in the B-position, BB'-dichloroethyl sulfide, however, is powerfully toxic and vesicant: it is more commonly 
known as "Mustard Gas." 

Other derivatives analogous to Bf'-dichloroethyl sulfide have been prepared, such as Bf'-dibromoethyl sulfide and 
Bp’-diiodoethyl sulfide, which have similar physiopathological properties, as well as homologues of Bp’- 
dichloroethyl sulfide such as BB’ -dichloropropyl sulfide (1) and BB’-dichlorobutyl sulfide (LL): 


CH, 
,  siidiaipli (o-cHel-cH, 
”\cH,-CHCI-CH, oe 
H 
* ay 


S) 


I 


These two substances resemble B’-dichloroethyl sulfide in odor, but show some differences in offensive action, 
for it has been found that only BB’-dichlorobutyl sulfide possesses vesicant action and that to a much milder degree 
than the ethyl compound. 

Derivatives have also been prepared with the chlorine atom in the y position, like yy’-dichloropropyl sulfide, whose 
toxic properties are, however, as yet unknown, and also derivatives with chlorine atoms in the f and y positions, 
such as BB’ yy’-tetrachloropropyl sulfide: 


CH,-CHCI-CH,Cl 
s( 
CH,-CHCI-CH,Cl 
. . Whose physiopathological properties are similar to those of BB’-dichloroethyl sulfide, but not so vigorous. 


Attempts made to prepare substances like 66'-dichlorobutyl sulfide with chlorine atoms in the 6 position have not 
been successful up to the present. 


With regard to the relations between the chemical structure of these substances and their vesicant power, the 
following observations may be made: 

(a) Of the halogenated sulfides prepared and studied only those with the halogen atoms at the end of the carbon 
chain have vesicant properties. 

(b) The CH2-group in the a position should remain unsubstituted. 

It has been shown that on substituting a hydrogen atom in this group with a halogen atom, as in aBf'-trichloroethyl 
sulfide (1), or replacing each pair of hydrogen atoms in the two CH-groups with oxygen, as in monochloroacetic 
thioanhydride (II): 


HCI-CH,Cl 5 Sgeus 


H,-CH,Cl O-CH,Cl 
I II 
. . the products are completely or almost completely deprived of vesicant properties. 
(c) The introduction of one or more sulfur atoms linked with one or more CH2-groups, between the chloroethyl 
groups, as in dichloroethyl ethylene dithioglycol: 


$-CH,-CH,Cl 


| 
CH, 


ie 
S-CH,-CH,Cl 


. . diminishes the vesicant power, but confers orticant properties. 

Of the analogues of dichloroethyl sulfide, the following have a place in the chemistry of the war gases: 

(a) BB'-dichloroethyl selenide, crystals melting at 24.2°C., which have a vesicant action on the skin like that of the 
corresponding sulfide but to a less degree. This action is produced by a benzene solution of dichloroethyl selenide 
containing more than 2% as selenium. 

(b) Dichloroethyl telluride, which, according to American experiments, does not possess the interesting offensive 
properties expected of it (Hanslian). 


|. Dichloroethyl Sulfide (Mustard Gas) (M.Wt. 159) 
Oa H, H, 


\cH,—cH,cl 


The discovery of this war gas, more commonly known as "Iprite" from the locality (Ypres in Flanders) where it 

was first used, is due to Despretz, who obtained it in 1822 by the reaction of ethylene on sulfur chloride. 

It is also known as "Senfgas," " Mustard Gas " (England), "Ypdrite" (France) and "Lost" (Germany). This last name 
is derived by joining the first letters of the names of the two Germans, Lommel and Steinkopf, who proposed and 
studied the use of this gas in warfare. In America, it is referred to in the Chemical Warfare Service as "HS." 

The application of this substance as a war gas, which commenced in July 1917 by the Germans, marked the 
beginning of a new period of chemical warfare and constituted a great surprise for the Allied armies. It was 
identified a few days after it was first used, but its preparation on an industrial scale required several months of 
study and research by the Allies. By the end of the war, however, the potential production of the Allied plants was 
greater than that of the German. 


PREPARATION 

After Despretz, this substance was prepared by Riche in 1854, and later by Guthrie 6 in i860, while studying the 
condensation products of the halogens and of the halogenated sulfur compounds with the olefines. Guthrie, to 
whom many accounts have erroneously attributed the discovery of dichloroethyl sulfide, prepared it like Despretz 
by bubbling ethylene through sulfur chloride and noticed its peculiar vesicant properties. 

At the same time, but independently of Guthrie's work, Niemann, in i860, employing the same method as Despretz, 
obtained dichloroethyl sulfide, but was not able to determine its chemical constitution. 


Later, in 1886, Meyer made a special study of the compound and succeeded in preparing it in the pure state by a 
completely new process depending on the chlorination of thiodiglycol with phosphorus trichloride, and described 
its physical, chemical and biological properties. 

More recently, in 1912, Clarke prepared this compound by a method similar to that of Meyer, that is, by 
chlorination of thiodiglycol, but used hydrochloric acid instead of phosphorus trichloride. 

In 1920, Gibson and Pope4 perfected Guthrie's method by bubbling dry and completely alcohol-free ethylene 
through sulfur dichloride maintained in agitation at 40° to 45°C.: 


CH,CH,Cl 
CH,CH,Cl 


By employing sulfur monochloride instead of the dichloride, the reaction passes through the following phases, 
according to Conant: 


2 CH=CH, + s(" + s( 


Ba. ae S+4sG 

1 

H,CH,Cl 
H,CH,Cl 


cl c 
CH,=CH, + sC si s(_ 
H,CH,Cl H,CH,Cl 


Furthermore, the following secondary reaction takes place: 


1 CH,CH,Cl 
2 SS) +- 15 = So( + S.C] 2 
CH,CH,Cl H,CH,Cl 


Other methods of preparing dichloroethyl sulfide of minor importance have been proposed: Steinkopf's method, 
which consists in reacting on a solution of thiodiglycol in chloroform with thionyl chloride also dissolved in 
chloroform: 


Cc 
CH,=CH, + SCcl, a cd s(- 


CH,CH,OH CH,CH,CI 
s( + soci, = s¢ + SO, + H,O 
CH,CH,OH CH,CH,CI 


Myers and Stephen's method, in which a mixture of 75 parts of sulfur dichloride and 25 parts of sulfur 
monochloride is sprayed in an atmosphere of ethylene. According to the authors, this method permits the rapid and 
continuous preparation of dichloroethyl sulfide in 93% yield, without over-chlorination. 


LABORATORY PREPARATION 

Dichloroethy! sulfide may be easily prepared in the laboratory by following Guthrie's original method: bubbling 
ethylene through sulfur chloride. 

An apparatus like that shown in Fig. 14 is set up. The reaction between the ethylene and the sulfur chloride takes 
place in the Woulfe's bottle A (capacity 100-200 ml.) which has three necks, one of which serves to carry off 
excess gas, another is fitted with a tap-funnel B in which the sulfur chloride is placed, while ethylene, made in the 
flask C, is introduced through the third. 

The three wash-bottles contain respectively (I) concentrated sulfuric acid, (II) 10% sodium hydroxide and (IID 
concentrated sulfuric acid, and serve to dry the ethylene. It is advisable not to connect the wash-bottle TT to the 
Woulfe's bottle until the evolution of the ethylene has become regular. 

25 gm. alum and a mixture of 25 gm. ethyl alcohol and 150 gm. concentrated sulfuric acid (density 1.84) are placed 
in the flask C, which is then heated cautiously. As soon as the current of ethylene becomes steady, wash-bottle IIT is 
connected with the Woulfe's bottle, in which 20 gm. sulfur chloride have been previously placed. At the same time 
a mixture of 150 gm. ethyl alcohol and 300 gm. concentrated sulphuric acid is introduced drop by drop into C from 
the tap-funnel D. 

During the passage of the ethylene, a further 30 gm. sulfur chloride are added from the tap-funnel B in three 
portions and the Woulfe's bottle is immersed in a vessel containing water so that the temperature of the reaction 


mixture does not exceed 35°C. The passage of the ethylene through the Woulfe's bottle is continued until all the 
sulfur chloride has been used up. This stage is determined by treating a little of the product with sodium iodide 
solution. 

At the end of the reaction the product is distilled under reduced pressure, the fraction passing over between 106° 
and 108°C. at 15 mm. pressure being collected. 


INDUSTRIAL MANUFACTURE 
Dichloroethyl sulfide may be prepared industrially by several processes, all of which are based on one of the two 
methods described above: Meyer's and Guthrie's. 
The various stages of manufacture by Meyer's process, which is referred to as "the German process," as it was 
largely employed during the war of 1914-18 by Germany, may be schematically expressed as follows: 
(a) Preparation of Ethylene: 
C,H,OH = H,O + CH, = CH,. 
(b) Preparation of Ethylene Chlorohydrin: 


Ca(ClO), + H,O + CO, = CaCO, + 2HClO 
CH, = CH, + HCIO = C1.CH,.CH,.0H 
(c) Preparation of Thiodiglycol: 


OH-CH,-CH,-Cl Na, | CH,+CH,-OH 
+ ys = 2NaCl + s(- 
OH-CH,-CH,-C} Na H,-CH,-OH 


(d) Preparation of Dichloroethyl Sulfide: 
CH,-CH,-OH CH,-CH,C1 
s( 42H = 2HO+S : 
CH,-CH,-OH CH,-CH,Cl 


Guthrie's method, which was used by 'the Allies, and is, therefore, referred to as "the Allied process," consists 
simply in acting on sulfur chloride with ethylene: 


CH,-CH, + SCL = 
anes : CH,-CH,Cl 


CH,-CH,Cl 
"eg Me 
CH,-CH,CI 


Meyer's Method: Preparation of Ethylene. Ethylene is prepared by passing ethyl alcohol in the vapor state over 
aluminum oxide heated to 350° to 400° C. The dehydration reaction is as follows: 


C,H,OH = C,H, + H,0. 


The alcohol is first vaporized by passing it through coils heated to 80° to 90°C. and through a copper tube 
containing the catalyst and heated in a bath of fused potassium nitrate. The reaction products then pass through 
coolers where the water and alcohol are condensed while the ethylene is washed and led into storage vessels. 
Preparation of Ethylene Chlorohydrin. This reaction is carried out in large cylindrical iron pans, lined with lead 
and coated externally with cork. 5 cu. m. (1,100 gallons) of water and bleaching powder equivalent to 500 kgm. 
active chlorine are placed in this vessel and while stirring well a current of carbon dioxide is introduced in order to 
liberate part of the hypochlorous acid. After about 20 minutes, ethylene instead of carbon dioxide is introduced to 
saturation point and finally carbon dioxide and ethylene simultaneously until all the hypochlorite has reacted. 

The reaction should be carried out at as low a temperature as possible, between 5° and 10°C, the reaction mixture 
being cooled by circulating a cooling mixture through coils. 

After the ethylene has been absorbed, the reaction products are pumped through a filter-press to remove the 
calcium carbonate and the filtrate, which contains from 10 to 12% ethylene chlorohydrin, is distilled in steam so as 
to obtain a solution containing 18-20% of the chlorohydrin. 

Preparation of Thiodiglycol. The theoretical quantity of sodium sulfide is added to the chlorohydrin solution, 
prepared as already described, and the mixture heated to about 90° to 100°C, the product being drawn over into an 
evaporator and again heated to remove all the water. The thiodiglycol formed is filtered, and distilled in vacuo. 
NOTE. According to Nenitzescu, the preparation of thiodiglycol may be carried out by acting on ethylene oxide 
with hydrogen sulfide at 40° to 60°C. in presence of a small quantity of thiodiglycol which acts as a solvent for the 


two gases. 
CH, CH,CH,OH 
2 | yo +HS = s( 
cH, CH,CH,OH 


orelse: 2CH,=CH, + §,Cl, 


This method gives a yield of 90%. 

Preparation of Dichloroethyl Sulfide. The chlorination of thiodiglycol is carried out in cylindrical cast-iron pans, 
2-5 m. in height and 2-8 m. in diameter, lead-lined and jacketed so that the reaction mass may be heated and 
cooled. The hydrochloric acid necessary for the chlorination is first passed through sulphuric acid and then 
introduced into the thiodiglycol as slowly as possible so as to obtain complete absorption. During the reaction the 
temperature is held at about 50° C. Two layers form in the pan, a heavy oily one consisting of a solution of 
dichloroethyl sulfide in thiodiglycol and an upper one consisting of an aqueous solution of hydrochloric acid. At 
the end of the reaction, the oily layer is drawn over into a lead-lined iron vessel fitted with lead coils for heating 
and a condenser, also constructed of lead, connected to a vacuum pump. The water is removed by distillation under 
reduced pressure (60-70 mm.) and the residual liquid then treated in a mixer with suitable solvents. 

Guthrie’ s Method (the Allied Process). This method, comparatively simple for preparing small quantities of 
dichloroethyl sulfide in the laboratory, presented considerable technical difficulties when first used on the industrial 
scale. These were later overcome by the efforts of English and American chemists. 

Compared with the Meyer process, the Guthrie method allows the product to be prepared more rapidly and in better 
yield, but it requires careful control during the course of the reaction. 

Several systems of manufacture were proposed and actually employed during the war for the preparation of 
dichloroethyl sulfide by this process. The most successful procedure in practice was that of Levinstein which was 
first used in America and then later by the Allies. 

The preparation of dichloroethy! sulfide by this method was carried out in a cylindrical vessel of sheet steel or cast- 
iron, lead-lined and jacketed, of about 100 cm. diameter and 130 cm. in height, fitted with an agitator. This vessel 
has a lid through which a pipe passes to within a short distance of the bottom in order to introduce the ethylene. 


Sufficient sulfur monochloride to cover the end of the tube is first placed in the vessel and then ethylene is bubbled 
in, so arranging the speed of its introduction and the cooling that the temperature of the reaction mixture remains at 
30° to 35°C. 

Meanwhile more sulfur monochloride is added in small portions. 

Employing 430 kgm. of ethylene, which needs 750 kgm. Sulfur chloride, the reaction is completed in about 20 
hours. At the end of the reaction the product is siphoned into a settling vessel where the sulfur is removed. 


PHYSICAL PROPERTIES 

In the pure state, dichloroethyl sulfide is an oily, colorless liquid, which boils at 760 mm. pressure at 217.5°C. and 
melts at 14-4°C. In the crude state, it is brown and has a characteristic odor which is reminiscent of mustard. The 
melting point of the crude product is lower than that of the pure substance and varies with the impurities present. 
The latent heat of fusion is 25 calories, the refractive index npis 1.53125 (Pope and Gibson), and the coefficient of 
thermal expansion 0.000881. The specific gravity of the solid is 1.362 at 9°C. (Vedder) and 1.38 at 13°C. (Fries). 
The specific gravity of liquid dichloroethyl sulfide and the corresponding specific volume are given in the 
following table various temperatures: 


TEM ec). URE | sprciric GRAVITY | SPECIFIC VOLUME 

15 1:2790 0-781 
20 I-2741 0-785 
25 1-2686 0-788 
30 1'2635 o-7gI 
35 1-2584 0°795 
40 12531 0-798 
50 1'2426 = 

75 12158 = 


go 11996 a 


The vapor density of dichloroethyl sulfide in the gaseous state, calculated b y dividing the weight of a liter of the 
vapor (7.09 gm.) by the weight of a liter of air (1.293 gm.), is 5.4. 
The vapor pressure of dichloroethy! sulfide at various temperatures may be calculated from the formula: 
27345 

T 


The values of the vapor pressure determined experimentally and calculated from the formula already quoted are 
given in the following table, as well as the corresponding values for the volatility at various temperatures: 


log p = 83937 — 


| VAPOUR TENSION (mm. mercury) 


TEMPERATURE VOLATILITY 
°C, | Obs. mgm. |litre 
te) 0-035 0°28 
Io 0°055 _— 
15 0:075 0-401 
20 OrII5 0-625 
25 _ 0-958 
30 0°225 1-443 
35 — 2°135 
40 0°45 3°66 
50 0°83 — 
60 155 — 


The values of the vapor tension and of the corresponding volatilities of dichloroethyl sulfide in the solid state are, 
according to Vedder: 


TEMPERATURE VAPOUR TENSION VOLATILITY 
°C. mm, mercury mgm.|litve 
— 178 0°0045 0045 
° 0:03I 028 


Because of its low vapor tension, dichloroethyl sulfide evaporates very slowly, in spite of its low specific heat 
(0.330 calories) and low latent heat of volatilization (80 calories). It is thus highly persistent, especially on terrain 
covered with bushes and shrubs. 

Dichloroethy] sulfide is very sparingly soluble in water, its solubility increasing to a certain limit with increase in 
temperature. 

According to Hopkins the solubility in water is 0.033% at 0.6°C, and 0.07% at 10°C. According to French data, the 
solubility at 25°C. is 0.047%, an d according to American data 0.069%. 

It is, however, very soluble in various hydrocarbons and organic solvents, such as kerosene (in which it is soluble 
in all proportions at 26°C), petrol, carbon tetrachloride, monochlorobenzene, ethyl alcohol (in absolute alcohol it is 
soluble in all proportions above 15-6°C., and above 38.6°C. in 92-5% alcohol), ethyl ether, carbon disulphide, 
thiodiglycol, glycerol, as well as in the animal and vegetable oils and fats. It is only slightly soluble in vaseline and 
paraffin wax. 

Dichloroethyl sulfide also dissolves in chloropicrin. It is absorbed by rubber and penetrates leather and the ordinary 
textile fabrics. 

The following observations have been made on the degree of penetration of dichloroethyl sulfide into various 
materials: Into ordinary brickwork, very little penetration; increased if the material is very porous. 

Into glazed brickwork and porcelain it does not penetrate, but spreads out slightly, remaining thus until it has 
completely evaporated. 

Oil paints applied to house walls offer protection to penetration provided that the paint coating is homogeneous and 
free from cracks. 

Unpainted woodwork easily absorbs dichloroethyl sulfide, penetration into the fibers taking place very easily along 
the grain. 

The action of dichloroethyl sulfide on parchment, documents, seals, deed papers, handwriting, etc., has also been 
studied, On these objects dichloroethyl sulfide in the vapor form has been applied without having any noticeable 
action, though in the liquid state it penetrates paper, shellac, wax, etc. 


CHEMICAL PROPERTIES 

At ordinary temperature, dichloroethyl sulfide is a stable compound, but on heating it decomposes into 
hydrochloric acid and toxic and lachrymatory gases whose composition has not yet been defined. This 
decomposition commences at about 150°C. and is complete at 500°C. 

According to Bell, on heating dichloroethyl sulfide at 180°C. for 18 hours, dithiane and ethylene dichloride are 


formed: 

CH,CH,Cl H,CH, 

28 ae YS + 2 GHC 

CH,CH,Cl CH,CH, 
This reaction is reversible, so that on heating dithiane with ethylene dichloride to 180°C. dichloroethyl sulfide is 
formed. 
Dichloroethy! sulfide in contact with water undergoes hydrolysis even at ordinary temperatures to form 
thiodiglycol and hydrochloric acid: 


CH,-CH,Cl HOH CH,-CH,OH 
Vege pees 
CH,-CH,Cl HOH CH,-CH,OH 


+ 2HCl 


Thiodiglycol3 is a colorless, syrupy liquid with a characteristic odor, soluble in water, ethyl alcohol, acetone and 
chloroform, but sparingly soluble in ether, benzene and carbon tetrachloride. 
On heating at ordinary pressure it decomposes without distilling. 
At 12 mm. of mercury pressure it distils at 161° to 165°C, and at 2 mm. of mercury it distils at 130°C. Its specific 
gravity at 20°C. is 1.1821. 
As to the velocity of hydrolysis of dichloroethyl sulfide, a subject not without a certain interest, especially from the 
military point of view, there is not the least information in pre-war literature. The first studies commenced in 1918- 
19 with Hopkins's work, and were continued with those of Rona and of Wilson. 
These have shown that complete hydrolysis of dichloroethyl sulfide takes place by an irreversible reaction except in 
the presence of a considerable quantity of hydrochloric acid. The velocity of the hydrolysis may be determined 
either by measuring the development of acidity or of the quantity of ionized chlorine present (Hopkins), or from the 
decrease in electrical resistance. 
This velocity is influenced by various factors, such as the time of contact, the temperature, the water/dichloroethyl 
sulfide ratio, the quantities of acid, alkali and hydrolysis products present, as well as the degree of dispersion of the 
dichloroethyl sulfide in the water. 
In the following table, due to Hopkins, the degree of hydrolysis at the ordinary temperature (20° to 21°C.) is given 
as a function of the time of contact of the dichloroethyl sulfide with water; 

% DICHLOROETHYL SULPHIDE 


TIME HYDROLYSED COMPARED WITH 
minutes THAT DISSOLVED 
Io 50 
20 70 
30 79 
40 84 
50 85 
60 85 


Regarding the influence of the ratio of water to dichloroethyl sulfide, it has been found that in presence of a large 
excess of water the conversion into thiodiglycol is practically quantitative according to the equation already given. 
If, however, the amount of water is small compared with that of the dichloroethyl sulfide, for instance three times 
the volume of the sulfide, only a little thiodiglycol is formed, together with hydrochloric acid and a complex 
mixture of sulphonium chlorides, some of which form dichloroethy] sulfide with concentrated hydrochloric acid, 
while others do not. These latter compounds are formed principally when the ratio of water to the sulfide is very 
small. The only one which has been isolated is the following compound: 


CH,CH, /CH,CH,OH 
s( ys 
cy,cH/ ‘cl 


As to the influence on the hydrolysis of the degree of dispersion of the dichloroethyl sulfide, Wilson's experiments 
have shown that the hydrolysis is considerably accelerated by adding alkaline solutions of sulfonated vegetable or 
animal oils, for example, solutions containing 3% of sulfonated corn oil and 2% sodium carbonate. These have the 
effect of increasing the degree of dispersion of the substance. 


REACTIONS OF DICHLOROETHYL SULFIDE IN WHICH THE SULFUR ATOM TAKES PART 
With Oxidizing Agents. Like all thioethers, dichloroethyl sulfide tends to add one or two oxygen atoms and be 
converted into the corresponding sulphoxide or sulphone by oxidizing agents like nitric acid, hydrogen peroxide, 
potassium permanganate, chromic acid, etc. 


H,-CH,Cl ys ree 
9) 


CH,-CH,Cl CH,-CH,Cl 
dichloroethy] sulphoxide dichloroethy! sulphone 
Dichloroethyl sulphoxide may be obtained, according to Gibson and Pope, by placing a drop of dichloroethyl 
sulfide in concentrated nitric acid (d. 1.40) at ordinary temperature. 
The reaction is violent, heat is evolved and a bright green liquid is formed. When this liquid is diluted with water, a 
white precipitate of the sulphoxide separates. On crystallizing this from 60% alcohol, colorless scales are formed 


O=S 


which melt at 110°C. This substance is soluble in water (1.2 gm. in 100 ml. at 20°C), in alcohol (4.3 gm. in 100 ml. 
at 20°C), in ether, benzene, carbon disulphide, acetone, chloroform and mineral acids. On distilling even at reduced 
pressure it partly decomposes and the principal product of the decomposition is dichloroethyl sulfide. 

Dichloroethyl sulphoxide has also been prepared by Steinkopf from the reaction of hydrogen peroxide on 
dichloroethyl sulfide. 

According to Marshall and Williams, this substance has no vesicant action on the skin. 

Dichloroethyl sulphone may be obtained by the oxidation of dichloroethyl sulphoxide or sulfide. Thus by the action 
of potassium permanganate on dichloroethyl sulfide, Steinkopf obtained the sulphone as colorless crystals melting 
at 52°C. and boiling at 179° to 181°C. at 14-15 mm. of mercury pressure. 

This compound is sparingly soluble in water (0.6 gm. in 100 ml. at 20°C, and 2.4 gm. in 100 ml. at 100°C.) and is 
only slightly hydrolyzed. It is soluble in alcohol (7.1 gm. in 100 ml. at 20°C), ether, chloroform, etc. Helfrich and 
Reid obtained the sulphone by treating the sulphoxide in the cold with a solution of chromic acid in sulfuric acid. 
According to Marshall, the sulphone in contact with the skin produces vesicles and persistent ulcers. Its vapor has a 
lachrymatory and sometimes even a sternutatory action. This physiopathological action is not observed when 
working with the substance at ordinary temperatures because of its low vapor pressure. 

By the action of the strongest oxidizing agents, such as fuming nitric acid, on heating or in a closed tube at 100°C, 
dichloroethyl sulfide is converted into beta-chloroethane sulphonic acid: 


CH,CH,Cl 
ve 


.. .and by the action of aqua regia it is converted into sulfuric acid and carbon dioxide. 
With Chlorine. Lawson and Dawson | obtained a compound of the following structure: 


H,-CH,Cl 
Cys 3“ 
CH,-CH,Cl 


.. .by bubbling a current of chlorine through a solution of dichloroethyl sulfide in carbon tetrachloride cooled to 
-5°C. This forms white needles, unstable at ordinary temperatures. 


*Dichloroethyl sulphoxide may be prepared as follows, according to STEINKOPF: 23 gm. 30% hydrogen peroxide 
are added slowly to a cooled solution of 32 gm. dichloroethyl sulfide in 100 ml. acetic acid. The reaction is violent 
and heat is developed. After cooling and allowing to stand, the sulphoxide deposits when the solution is diluted 
with water. 

**Preparation of the sulphone, according to STEINKOPF: 20 gm. dichloroethyl sulfide, dissolved in 100 ml. of an 
aqueous solution of acetic acid (1 : 1), are shaken with a saturated aqueous solution of 30 gm. potassium 
permanganate in presence of 20 ml. dilute sulphuric acid, and then allowed to stand. After reduction of the excess 
permanganate with sulfur dioxide, crystals of the sulphone separate. 


With Bromine. Bromine also reacts easily with dichloroethyl sulfide. According to Gibson and Pope, on treating a 
cold solution of dichloroethyl sulfide in chloroform with bromine an unstable addition compound is obtained. This 
is orange-yellow and has the following structure: 


(CICH,—CH,),S.2Br9. 
It decomposes to form a less highly brominated substance: 


(CICH,—CH,),S. Bry. 


.. Which is obtained as a yellow powder, m.p. 43° to 44°C. Sodium hydroxide solution converts it into 
dichloroethyl sulphoxide. 
With Iodine. According to Lindemann a tetraiodo derivative is obtained, "tetraiodo-iprite": 


. abbas 
ist 
*NCH,-CH,I 


With Fluorine. No additive compounds of fluorine and dichloroethyl sulfide have been mentioned in the literature. 


With Sulfur Chloride. From the reaction between sulfur monochloride and dichloroethyl sulfide, a compound of 
the following formula is obtained: 


CH,-CH,Cl 
Cl, « s(- 2-CH, 
H,-CH,CI 


. . that is, the same substance which is obtained from the action of chlorine on dichloroethyl sulfide. It forms white 
needles and is unstable at ordinary temperatures. 

With Bleaching Powder. Dry chloride of lime reacts with dichloroethyl sulfide, acting as oxidant and chlorinating 
agent. 

A very violent reaction, with evolution of heat, flame and white vapors, takes place. Numerous compounds are 
formed: carbon dioxide, hydrochloric acid, chloroform, chloral and chlorinated substances which are not yet 
defined. 

According to some workers, dichloroethyl sulphoxide is also formed in this reaction: 


CH,CH,Cl H,CH,Cl 
S 4 ca0cl = ost * + CaCl, 
H,CH,Cl H,CH,Cl 


The temperature of the reaction rises to such a point that combustible material (hay, paper, etc.) is inflamed. 

By the action of chloride of lime mixed with water the action is less violent. 

Bleaching powder is used to decontaminate objects, which have been contaminated with mustard gas. For this 
purpose it is recommended that the bleaching powder be mixed to a porridge with water, or with some other 
powdered substance, so as to prevent the inconvenient results already mentioned, which would be caused by the 
violence of the reaction. In the reaction with undiluted bleaching powder, a zone of contact forms, consisting of a 
layer of decomposition products which protects the sulfide from further attack. 

Chloride of lime may also be employed for decontamination of the skin. In this case the violence of the reaction 
should be reduced by mixing the bleaching powder with water (1 part of water to | part of chloride of lime) or with 
magnesium oxide. 

The decontaminating power of the bleaching powder depends on the content of active chlorine. According to 
Weidner, in order to obtain sufficient decontaminating action, the bleaching powder should contain at least 15% 
active chlorine. 

With Sodium Hypochlorite. On bubbling a current of carbon dioxide through a mixture of dichloroethyl sulfide 
and sodium hypochlorite solution, aa’ Bp’-tetrachloroethyl sulphoxide is formed: 


CHCI-CH,Cl 
ost 
CHCI-CH,Cl 


This is a crystalline substance melting at 121°C. 
With lodine Trichloride. On adding a carbon tetrachloride solution of dichloroethy] sulfide to a solution of iodine 
trichloride also in carbon tetrachloride, an addition compound of the following formula is immediately formed: 


I, /CH,CH,CI 
ys 
Cl; H,CH,Cl 
In the presence of an excess of iodine trichloride or of iodine trichloride and free chlorine, dissolved in carbon 
tetrachloride, dichloroethy] sulfide is converted into a yellow crystalline substance of the formula: 


I, /CH,CH.Cl 
ys 
ci’ \CH,CH,Cl 
This reaction may be used for the detection of dichloroethy! sulfide. 


With Chloramine-T. Dichloroethyl sulfide reacts readily with chloramine-T (the sodium salt of para-toluene 
sulphochloroamide, CH;—CsHs—SO2—Na=NC)l) to form an additive compound of the formula: 


CH,-CH,Cl 


Cy CH SONS - 
2 


which contains a tetravalent sulfur atom. The =S=N 


according to Mann and Pope 4 may be termed the "sulphilimine" group. The condensation of dichloroethyl sulfide 
with chloramine-T takes place even in the cold; on adding 17.1 gm. dichloroethyl sulfide to an aqueous solution of 
28 gm. chloramine-T, small white crystals separate after about a n hour. They melt at 144-6°C. 

Chloramine-T is employed as decontaminating agent for dichloroethyl sulfide and has t h e advantage over 
bleaching powder of not producing too violent a reaction. Moreover, it is not toxic, non-irritant and keeps for a long 
time. It is recommended for the decontamination of clothing of linen, cambric, cotton and mixed fabrics. In 
decontaminating woollen materials it is necessary to avoid boiling. 

With Selenious Acid. Dichloroethyl sulfide reacts with selenious acid, reducing it to selenium: 


CHCHC! | /CHi CHC 
H,-CH,Cl — ‘CH,-CH,C! 


The selenium separates in the form of an orange-yellow suspension. Selenious acid in sulfuric acid solution has 
been proposed by Yablich as a reaction for the detection of dichloroethyl sulfide. 


H,SeO, + S + H,O + Se 


Reactions of Dichloroethy! Sulfide Involving the Whole Molecule With Chlorine. The behavior of 
dichloroethyl sulfide with chlorine was studied by Mann and Pope in 1922, by Lawson and Dawson in 1927, by 
Mumford in 1928, and by Phillips in 1929. 

By the action of chlorine on dichloroethyl sulfide at ordinary temperatures, the following compounds are obtained, 
according to Mann and Pope: 


B.P. 
15 mm, mercury 


Trichloro-compound SCHe CHeL I-4219 | 106° to 108° C. 
2 2 


Tetrachloro-compound S< Che cra I°544I | 123° to 125°C. 
2 2 


Hexachloro-compound SC CHC 16944 | 160° to 161° C, 
2 2 


These three chloro-derivatives are obtained as colorless liquids, which become faintly green on exposure to 
daylight. They have odors similar to that of dichloroethyl sulfide, but have no vesicant properties, while their 
melting points are much lower. 

On examining these chloro-derivatives it was found that with the increase in the number of atoms of chlorine in 
their molecules, the tendency of the sulfur atom to pass from the divalent to the tetravalent condition diminished. 
Lawson and Dawson have observed that the first product formed in the chlorination of dichloroethy! sulfide is an 
additive compound containing tetravalent sulfur: 


H,-CH,Cl 
Cl: s( ; 
CH,-CH,Cl 
This compound is not very stable and is largely converted into aBf'-trichloroethyl sulfide according to the equation: 
CH,-CH,Cl CHCI-CH,Cl 
Cl, - 4 ~~ S + HCl 
CH,-CH,C1 H,-CH,Cl 


A small proportion decomposes into dichloroethyl sulphoxide and hydrochloric acid: 


CH,CH,Cl +H,O __/CH,-CH,CI 
ch SC hi : Daibe 


=e OS + 2HC 
H,-CH,Cl H,-CH,Cl 


The trichloroethy] sulfide, according to Lawson, is itself not very stable and loses another molecule of hydrochloric 
acid to form a vinyl compound which can exist in two isomeric forms: 


CCl=CH, H-CHCl 
s( s " 


CH,-CH,Cl H,-CH,Cl 
a-chloroviny! _ mi chlorovinyl 
f-chloroethy! sulphide 8-chloroethy! sulphide 


Each of these contains only two chlorine atoms, like dichloroethyl sulfide. Neither possesses vesicant properties 
equal to that of BB'-dichloroethyl sulfide however (Dawson and Lawson). 

Later experiments on the action of chlorine on dichloroethyl sulfide have demonstrated that the chlorination is not 
limited to one chain of the molecule, but can take place in both the chloroethyl groups, and the following 
compounds have been prepared: 

(a) aaBx'B-pentachloroethy! sulfide, 


2 Guintgiey 
CHCI-CH,C! 


. ..a mobile colorless liquid with density 1.57 at 20°C. 


(b) aax’ BBB’ -hexachloroethyl sulfide, 
CCl,-CH,Cl 
s 
CHCI1-CHCI, 


. ..a colorless liquid boiling at 159°C. at 15 mm. mercury pressure and having a density of 1.6841 at 20°C. 
(c) aex’ BBB'B’-heptachloroethy! sulfide, 


A & - CHCL 
CHCl: CHCl, 


. . aliquid boiling at 170° to 172°C. at 15 mm. of mercury, with a density of 1.7473 at 20°C. 

With Sulfur Chloride. The action of sulfur chloride on dichloroethy! sulfide has been studied by Gibson,] Mann 
and Pope. It has been shown that the result of the reaction between these two compounds is different according to 
whether the sulfide reacts with sulfur monochloride or with sulfur dichloride. 

Sulfur monochloride reacts very slowly with Bf'-dichloroethyl sulfide in absence of catalysts, though in presence of 
iron the reaction is more lively. The products of the reaction are in each case hydrochloric acid, sulfur and a liquid 
consisting of trichloro- and tetrachloro-ethyl sulfides. 

Sulfur dichloride on the contrary reacts vigorously with dichloroethyl sulfide even at 0°C. The reaction may 
become violent according to the ratio of dichloroethyl sulfide to sulfur dichloride and heat is always developed. 
The products vary according to the relative quantities of the two reactants. If the dichloroethyl sulfide is in excess, 
the compound CI—S—-CH»—CH>—C] is formed: 


CH,CH,Cl CH,-Cl 
s( +SCL = 2 | 
CH,CH,C1 CH,-S-Cl 
. . .While if the sulfur dichloride is in excess, sulfur monochloride, hydrochloric acid and a trichloro-derivative are 
formed: 


CH,-CH,Cl CHCI-CH,Cl 
CH,-CH,Cl CH,-CH,C1 


With Hydriodic Acid. By the action of hydriodic acid in aqueous or acetic acid solution on dichloroethyl sulfide, 
both the chlorine atoms are substituted by iodine atoms and diiodoethyl sulfide is obtained. 


. Cem ‘ Cc 


2 SCh + S( = 8,Cl, + Hcl + sf 


Grignard’s method for the detection of dichloroethyl sulfide depends on the reaction with sodium iodide. 
With the Alkali Sulfides. Sodium and potassium sulfides react readily with dichloroethy] sulfide to form 


diethylene disulphide, also termed “dithiane.” 
CH,-CH, 
s Ys 
CH,-CH, 


This forms white crystals with a melting point of 112°C., and has no toxic power. It boils at 115.6°C. at 60 mm. 
mercury pressure, and is volatile in steam. It is sparingly soluble in water, but readily in alcohol and ether. This 
compound, which was first obtained by Meyer in 1886, is converted into the corresponding disulphone by 
treatment with hydrogen peroxide in acetic acid solution: 


CH,-CH, 
0,s¢ so 
CH,-CH, 
Diethylene disulfide is also obtained, together with para-thioxane, 


CH,CE 
Ss sahil fe) 
H,CH; 


.. .by distilling thiodiglycol with potassium bisulphate. It is also formed by the action of a saturated solution of 
hydrobromic acid in phenol on thiodiglycol. 
Sodium disulfide in aqueous solution reacts slowly with dichloroethyl sulfide, forming: 


pepe 


-CH. 
S-CHy Cc 3 ethylene trisulfide, crystals melting at 74°C. 
With Potassium Hydroxide, (a) In Alcoholic Solution. By the action of a 20% solution of potassium hydroxide in 
alcohol, dichloroethyl sulfide is converted into divinyl sulfide: 


CH=CH, 


H=CH, Pye ees ee 
a mobile liquid with a characteristic odor which boils at 85° to 86°C. 

Its density at 15°C. is 0.9174. It readily polymerizes, being transformed in less than a week into an opaque mass, 
soluble in carbon disulphide. 
Divinyl sulfide is also formed by the abstraction of two molecules of water from one of thiodiglycol. On treatment 
with gaseous hydrochloric acid, it forms aa'-dichloroethyl sulfide, a colorless liquid with a penetrating odor, which 
boils at S8-5°C. at 15 mm. mercury and has a density of 1.1972 at 15°C. On treatment of divinyl sulfide in aqueous 
solution with hydriodic acid, BB'-diiodoethyl sulfide is formed. 
With chlorine various chlorinated compounds are formed, for instance, af}-dichloroethyl vinyl sulfide: 


CHCI-CH,CI 
s( m4 


CH=CH, and ox’ '-tetrachloroethyl sulfide: 
CHCI-CH,Cl 
s( 


CHCI-CH,Cl 


Divinyl sulfide is formed quantitatively according to Helfrich when dichloroethyl sulfide is treated with sodium 
ethylate. 

By the action of a 50% solution of potassium hydroxide in alcohol other products besides divinyl sulfide are 
formed, probably its polymers. 

(b) In Aqueous-alcoholic Solution. By the action of a 20% solution of potassium hydroxide in aqueous alcohol on 
dichloroethyl sulfide, in the proportion of | part of the sulfide to 4 parts of potassium hydroxide, the following 
compounds are formed, besides divinyl sulfide: Vinyl beta-ethoxyethyl sulfide, 


F ‘ caiatiaa 
CH=CH, 


. ..a mobile colorless liquid with a pungent odor resembling that of camphor. It boils at 65°C. at 8 mm. mercury 
pressure. Its density at 15°C. is 0.9532. beta-ethoxy-beta’-hydroxyethyl sulfide, 


H,CH,0C,H, 
CH,CH,OH 


Bp'-diethoxy ethyl sulfide, 


: es 


H 

CHC H,0C, Ba liquid boiling at 225°C. at 746 mm. mercury, with a density at 20°C. of 0.9672. 
By varying the proportions of potassium hydroxide and dichloroethyl sulfide, various other compounds are formed, 
among them vinyl beta-chloroethyl sulfide, 


a liquid boiling at 117-5° C. at 4 mm. mercury pressure. 


CH,CH,Cl 
H=CH, 


. . .a liquid boiling at 71° to 72°C. at SO mm. mercury, which absorbs hydrochloric acid to form af'-dichloroethyl 
sulfide. 

With Ammonia. Dichloroethyl sulfide reacts only mildly with gaseous ammonia even on heating to 150°C. 
However, with alcoholic ammonia on heating to 60°C. under pressure, the reaction is vigorous and 1.4 thiazane is 
formed as follows: 


CH,-CH,Cl H,-CH; 
s( + NH, = $ NH + 2H 
CH,-CH,Cl H,-CH, 
This is a colorless liquid with an odor of pyridine, boiling at 169°C. at 758 mm. of mercury. It fumes in the air and 
is miscible with water and with the common organic solvents. On exposure to the air it absorbs carbon dioxide. 
With Aliphatic Amines. In presence of sodium carbonate, dichloroethyl sulfide reacts with the aliphatic amines in 
alcoholic solution as follows: 


CH,CH,Cl 
s( H,CH, 
CH,CH,CI 


Several compounds of this type have been prepared. ‘They are in general colorless mobile oils with densities less 
than unity. 

The following are the principal: 4-Methyl-1,4-thiazane, b.p. 163° to 164°C. at 757 mm. Density 0.9959 at 15°C. 
Completely miscible with water and with various organic solvents. 4-Ethyl-1,4-thiazane, b.p. 184°C. at 763 mm. 
Density 0.9929 at 15°C. Soluble in water. 4-Phenyl-1,4-thiazane, m.p. 108° to 111°C. A white powder, soluble in 
hot toluene. 

With Potassium Cyanide. By the action of potassium cyanide on dichloroethy! sulfide dissolved in alcohol, 
dicyanoethyl sulfide is not formed, but a crystalline substance separates (m.p. 91°C.) of the formula C6Hi252(CN)2 
which, later researches have shown, has the structure, 


CN—CH,—CH,—S—CH,—CH,—_S—CH,—CH,—-CN. 
Dicyanoethyl sulfide has been obtained, however, by boiling sodium sulfide with the nitrile of beta-chloropropionic 
acid, dissolved in alcohol: 
CH,CH,CN 


2 CH,CI-CH,CN + NaS = 2NaCl + So Saviee 
+3 2 


It forms crystals, melting at 24° to 25°C, which have no vesicatory properties. 
With Sodium Selenide. By boiling dichloroethyl sulfide with an aqueous solution of sodium selenide, 1,4- 


selenothiane is formed: 
CH,CH, 
s(-* "se 
CH,CH, 


This is obtained in thin colorless leaflets, melting at 107°C. It boils at a pressure of 97 mm. of mercury at 86.5°C, 
and behaves chemically in a similar manner to dithiane. 

With Methyl Iodide. Dichloroethyl sulfide reacts with methyl or benzyl iodide, forming the corresponding 
sulphonium salt. 

For instance, with methyl iodide, dithiane methiodide is formed: 


CH,CH CH 
Concur | 


This is a crystalline substance melting at 174°C, easily soluble in hot water, soluble with difficulty in alcohol and 
insoluble in ether. 

With Magnesium Phenylarsine. By treating dichloroethyl sulfide in hot benzene solution with magnesium 
phenylarsine in ethereal solution, phenyl thioarsane is formed: 


CH,CH,Cl CH. 

+ C,H,AsMg = s(. AsC,H, + MgCl, 
H,CH,Cl CH, 

.. .as crystals with m.p. 38°C. It boils at 134°C. at a pressure of 4 mm. of mercury. It forms additive compounds 

with mercuric chloride. 

Like the other cyclic sulfides, it has no vesicant action and only a weak toxicity. 

With Zinc and Ethyl Alcohol, When an alcoholic solution of dichloroethyl sulfide is treated on the water-bath with 

zinc dust, a very complex reaction takes place and various compounds are formed: ethylene, hydrogen sulfide, 

hydrochloric acid, dithiane, ethyl sulfide, vinyl ethyl sulfide, ethyl mercaptan, etc. The principal product is diethyl 

thioglycol: 


2CH, 


CH,CH,OC,H, 
H,CH,0C,H, 


This is a liquid boiling at 225°C. at a pressure of 746 mm. Density 0.9672 at 20°C. It is volatile in steam, sparingly 
soluble in water, but soluble in the organic solvents. It has no vesicant power. 

Various other condension products of dichloroethyl sulfide have been prepared, such as those with phenates, 
thiophenates, mercaptides and aromatic amines, and in every case the physical, chemical and biological properties 
of these have been studied. 

With Metallic Salts, Like various other organic sulfides, dichloroethy! sulfide readily reacts with the salts of the 
heavy metals. Thus with gold or platinum chloride, compounds are formed which, being insoluble in water, may be 
employed for the detection of the sulfide. With copper or mercury chloride stable additive chlorides are formed of 
the following type: 


{(CICH,—CH,),$}_.Cu,Cl,. 


‘These may be employed to determine dichloroethyl sulfide quantitatively. Tin and titanium chlorides similarly 
form additive products. 

Ferric chloride decomposes dichloroethyl sulfide, forming various halogenated vinyl compounds. 

With Metals. At ordinary temperatures the action of pure dichloroethyl sulfide on steel, iron, lead, aluminum, zinc 
and tin is practically nil. At higher temperatures. about 100°C, steel is slightly corroded, but aluminum and lead are 
not attacked (Gibson and Pope). 

On warming in contact with iron, especially in presence of water, dichloroethyl sulfide is decomposed to form 
thiodiglycol, hydrogen sulfide, diethylene sulfide and its polymers, hydrochloric acid, hydrogen, ethylene and 
ethylene dichloride. 

The action of crude dichloroethyl sulfide on the steel walls of projectiles has been studied by W. Felsing and H. 
Odeen. They have observed that in projectiles charged with dichloroethyl sulfide (prepared by Levinstein's method, 


the internal pressure increased on maintaining at 60°C. for 8 days to about 2 atmospheres. The degree of 
decomposition of the sulfide was negligible, and the increase in acidity amounted to about 1%. 

The outstanding physiopathological property of dichloroethyl sulfide is its vesicant action. The first symptoms of 
this action appear after 4-6 hours, but sometimes the latent period may extend to 24 hours. 

The sensitivity of the skin to dichloroethyl sulfide varies with the individual. Fair people are more sensitive than 
dark and the latter more sensitive than negroes. 

Exposure even for a short time (a few minutes) to a concentration of 0.2 mgm. of the vapors of dichloroethyl 
sulfide per cu. m. of air causes irritation, according to Gilchrist, without, however, visible lesions. 

On contact of liquid dichloroethyl sulfide with the skin, erythema is produced with 0-12 mgm. per sq. cm. of skin 
and blisters with 0.5 mgm. per sq. cm. of skin. 

On inhalation, according to American experiments, fatal results follow exposure of 10 minutes to a concentration of 
150 mgm. per cu. m. of air, or exposure of 30 minutes to a concentration of 70 mgm. per cu. m. of air. 
Mortality-product: 1,500 according to both Muller and Prentiss. 

For the decontamination of the skin, washing with hot soapy water is very efficacious. 

For the decontamination of objects, Renwanz5 recommends the use of bleaching powder. 

For the decontamination of glass materials, concentrated nitric acid may be employed. This must be carried out 
with care because in the somewhat violent reaction liquid may be thrown out by the violent evolution of nitrous 
gases. 

The decontamination of paper, print, documents, etc., may be carried out by exposing such objects to the action of 
gaseous ammonia in closed containers for several days. 


2. Dibromoethy! Sulfide (M.Wt. 2478) 


: /oHs—CH,Br 
\cH,—CH,Br 


Bp'-dibromoethyl sulfide was examined as a possible war gas only in the post-war period (Muller). Although 
having similar physiopathological properties to dichloroethyl sulfide, it has some disadvantages as a war gas, 
especially from the manufacturing point of view (Hanslian). 

Steinkopf prepared dibromoethyl sulfide by the action of phosphorus tribromide on thiodiglycol. However, it may 
be prepared more simply by saturating an aqueous solution of thiodiglycol with hydrobromic acid. 

It may also be prepared, according to Kretov, by the action of hydrobromic acid or phosphorus tribromide on 
diethoxyethyl sulfide. 


‘ Caen H,CH,Br 


+4HBr = § + 2C,H,Br + 2H,O0 
CH,CH,OC,H, CH,CH,Br “ae . 


LABORATORY PREPARATION 

976 gm. thiodiglycol are dissolved in 400 ml. water in a flask fitted with a reflux condenser and a gas inlet-tube. It 
is cooled in ice and saturated with hydrobromic acid. The mixture is then heated to about 80°C. and more 
hydrobromic acid bubbled in until the reaction is complete. On cooling, the dibromoethy! sulfide solidifies, 
separating at the bottom of the flask. The aqueous layer is decanted off and the solid product washed with cold 
water and crystallized from ether. Yield 95%. 


PHYSICAL AND CHEMICAL PROPERTIES 

Dibromoethyl sulfide forms white crystals which melt at 31° to 34°C. (Steinkopf). It boils at ordinary pressure at 
240°C. with decomposition and at 1 mm. pressure at 115.5°C. 

The specific gravity at 15°C. is 2.05. It is insoluble in water and soluble in alcohol, ether and benzene. 

The volatility at 20°C. is about 400 mgm. per cu. m. It is more rapidly decomposed by water than dichloroethyl 
sulfide. 

On treating a hot solution of dibromoethyl sulfide in chloroform with benzoyl hydrogen peroxide, dibromoethyl 
sulphoxide is formed: 


es wk H,Br 
CH,CH,Br 


This forms glittering crystals melting at 100° to 101°C. It may also be obtained by the action of concentrated nitric 
acid on dibromoethyl sulfide by first maintaining the temperature at 0°C. and then allowing it to rise to room 
temperature to complete the reaction. 

Chromic anhydride and dilute sulphuric acid react at water bath temperature with dibromoethy| sulfide to produce 


dibromoethyl sulphone: 
CH,CH,Br 
os" 
H,CH,Br 


.. Which forms plates melting 111° to 112°C. 

Dibromoethyl sulfide, like the dichloro-compound, easily reacts with primary amines, forming the corresponding 
thiazane derivatives (Burrows). 

Tt reacts with methyl iodide more readily than dichloroethyl sulfide, forming dithiane methiodide: 


CH,CH CH 
Conon) 


The persistence of dibromoethyl sulfide on the ground is greater than that of dichloroethyl sulfide only in dry 
weather. 
The physiopathological properties are similar to those of dichloroethyl sulfide according to Meyer, but milder. 


3. Diiodoethy!] Sulfide (M.Wt. 341.8) 
; /oHa—CHgl 
\cH,—CHI. 


BB’-diiodoethyl sulfide was not used as a war gas during the war of 1914-18, in spite of its great toxic power. It was 
obtained by Helfrich in 1920 by treating dichloroethyl sulfide with sodium iodide in alcoholic solution. 

It is produced in the reaction between dichloroethyl sulfide and the Grignard reagent, and also, together with 
dithiane methiodide, by the action of methyl iodide on dichloroethyl or dibromoethy] sulfide. It has also been 
obtained by the action of hydriodic acid on an aqueous solution of divinyl sulfide. 


PREPARATION 

Diiodoethyl sulfide is prepared according to Grignard by treating dichloroethyl sulfide with sodium iodide in acetic 
acid solution and heating to 60°C. On pouring the product into water, a crystalline product is obtained and this is 
then purified by recrystallization. 


PHYSICAL AND CHEMICAL PROPERTIES 
Diiodoethyl sulfide forms bright yellow prisms melting at 62°C. according to Grignard, and at 68° to 70°C. 
according to Kretov. 
It decomposes in time, especially if exposed to light, or on heating even to 100°C. 
It is insoluble in water and soluble in the common organic solvents. On treatment with alkali it is readily 
hydrolyzed. 
With oxidizing agents it is converted into diiodoethyl sulphoxide (white crystals, melting at 104-5°C.) or into 
diiodoethyl sulphone (small white needles, m.p. 203°C.) This latter compound has also been prepared by the action 
of hydriodic acid on thioxane sulphone: 

CH,CH,I 


CH,CH, 
( 0+2HI = 0,9( + H,0 
CH,CH;, CH,CH,I 
Diiodoethyl sulfide reacts with methyl iodide more readily than the dichloro- compound to form dithiane 
methiodide: 
CH,CH. CH 
P ( Hy ‘. s ( 3 
CH,CH,’ ‘I 


Diiodoethyl sulfide has a vesicant action on the skin similar to that of dichloroethyl sulfide (Helfrich). 
Analysis of the Sulfides 


DETECTION OF DICHLOROETHYL SULFIDE 

The following reagents have been proposed for the detection of dichloroethyl sulfide: 

Potassium Permanganate. A 0.003% solution of potassium permanganate, acidified with a few drops of sulfuric 
acid, is decolorized by air containing dichloroethyl sulfide vapor. 

The minimum quantity of the sulfide producing a distinct color-change is about 0.15 mgm., according to Spica. 
Beta-Naphthol. On passing dichloroethyl sulfide vapors through an alcoholic and strongly alkaline solution of 
beta-naphthol, a turbidity is produced which slowly settles. The beta-naphthol solution is prepared by adding 100 
ml. N/50 sodium hydroxide solution to 1 ml. of a 10% alcoholic solution of beta-naphthol. As this mixture turns 
brown on keeping, the two solutions should not be mixed until just before using. 

In order to detect very low concentrations of dichloroethy] sulfide it is necessary to pass the gas for 10-15 minutes. 
With this reagent as little as 0.06 mgm. dichloroethyl sulfide may be recognized. 

Congo Red Paper. Detection by means of this paper depends on the formation of hydrochloric acid by the 
decomposition of dichloroethyl sulfide with sulphuric acid. The gas to be examined is passed through a wash-bottle 
containing concentrated sulphuric acid at 55°C, and then over the Congo red test-paper. 

Sodium Iodoplatinate Paper. This test paper changes from its original pink color to violet by the action of 
dichloroethyl sulfide, the intensity of the violet varying with the concentration of dichloroethyl sulfide. The papers 
are prepared by immersing strips of filter paper in an aqueous 0.2% solution of sodium iodoplatinate just before 
use. To test for the presence of dichloroethyl sulfide, the treated paper is exposed in a damp condition to the gas to 
be examined. Sensitivity 0.02 mgm. (Spica). 

Potassium Mercuri-iodide. On passing air containing dichloroethyl sulfide vapor through an aqueous solution of 
potassium mercuri-iodide a whitish-yellow precipitate separates. If the quantity of dichloroethyl sulfide is very 
small the reaction may be aided by warming to 40° to 50°C, The limit of sensitivity is 0.03 mgm. 

The reagent is prepared by dissolving 10 gm. potassium iodide in 70 ml. water and adding 14 gm. mercuric iodide. 
This reaction is given by the alkaloids, as well as by dichloroethyl sulfide. 

A method for the quantitative determination of dichloroethyl sulfide has also been based on this reaction. 
Hydrogen Peroxide. When air containing dichloroethyl sulfide is passed through a solution containing 30% by 
volume of hydrogen peroxide in acetic acid, colorless acicular crystals are formed, first in the air-inlet tube and 
then in the liquid. 

Sodium Monosulfide. On passing air containing dichloroethy! sulfide through a concentrated solution of sodium 
monosulfide, a white turbidity is produced, due to the formation of diethylene disulphide of the following structure: 


(cH 
H,-CH, 


In carrying out this test in practice, Spica recommends that the air under examination be passed through a U-tube of 
4-5 mm. diameter, having a small bulb at the bend in which a few drops of the reagent are placed. In passing over 
the reagent, the air produces the characteristic turbidity. 

Data of the sensitivity of the last two reagents are not known. 

None of the reagents described above is adapted for the detection of dichloroethyl sulfide in its war-gas application, 
either because of low sensitivity or because of similar reactions with other substances. 

During the war of 1914-18 the following reagents were employed: 

Yablich's Reagent. This reagent was suggested by the Chemical Warfare Service and was especially employed by 
the Americans. 

It is based on the fact that when air containing dichloroethyl sulfide is passed through a solution of selenious acid in 
dilute sulfuric acid and then the reagent is heated for about 10 minutes at 85°C, a yellow precipitate of metallic 
selenium is produced. If the amount of dichloroethyl sulfide present is small, a reddish-orange suspension appears. 
The reagent is prepared by dissolving 1 gm. SeQ> in 100 ml. of a solution containing equal parts by weight of 
sulphuric acid and water. 

Although many war gases give a negative reaction with this reagent, all the arsine derivatives give as positive a 
result as does dichloroethyl sulfide. A similar reaction is also given by carbon monoxide and hydrogen sulfide. 
Sensitivity: 5 mgm. dichloroethy! sulfide per cu. m. of air. 

Grignard's Reagent. This reagent, which is fairly specific for dichloroethyl sulfide, was proposed by Grignard in 
1918, but was kept secret until 1921. Detection is based on a double decomposition reaction of a type fairly 
frequent in organic chemistry: 


S(C,H,Cl), + 2HI = S(C,H,I), + 2HCl. 


The dichloroethyl sulfide is converted to diiodoethyl sulfide, which separates as yellow crystals. 

Grignard's contribution was to define the conditions which made the test highly sensitive and capable of being 
carried out rapidly without employing heat. 

Preparation of the reagent: 


Sodium iodide ; : ; ‘ . 20gm. 
7-5% copper sulphate solution. . . 40 drops 
35% gum arabic solution ; . ‘ 2 ml. 
Water . : . : < - 200 ml. 


The copper sulfate is added in order to catalyze the reaction, while the gum arabic causes the diiodoethyl sulfide to 
separate in the colloidal form instead of crystalline. 

For the detection of dichloroethyl sulfide, the air under examination is passed through the reagent prepared as 
described above. In the presence of dichloroethyl sulfide a yellow precipitate of diiodoethyl sulfide separates. 
According to Grignard, 100 mgm. dichloroethyl sulfide may be detected in 1 cu. m. of air in 4 minutes. 

It has been found that while the aliphatic arsines and phenyl carbylamine chloride produce a similar turbidity at 
high concentration (4%), other substances such as mono-, di- and trichloromethyl chloroformates, chloropicrin, 
benzyl bromide, acrolein, the aromatic arsines, thiodiglycol, etc., do not react. 

Recently the following method has been elaborated: 

Schrdter's Method. This is based on the property of dichloroethyl sulfide of forming additive-compounds with 
gold and palladium chlorides. 

On treating an aqueous solution containing 0.1% gold chloride or 0.05% palladium chloride with dichloroethy! 
sulfide a turbidity of colloidal type quickly forms, and if the quantity of the sulfide is large, yellowish-red oily 
droplets are produced. 

This reaction may also be carried out on filter paper. In this case a reddish-brown stain is formed with a 10% gold 
chloride solution and a yellow stain with a 0.2% palladium chloride solution. 

According to Obermiller,1 these reactions are specific for dichloroethyl sulfide and are not influenced by the 
presence of any other war gas, nor by the hydrolysis products of dichloroethyl sulfide. 

The sensitivity with gold chloride is of the order of 10 mgm. dichloroethyl sulfide per cu. m. of air. 

An apparatus has been designed for detecting the presence of dichloroethyl sulfide in a sample of air by this 
reaction. The air is drawn by means of a small pump through a glass tube containing silica-gel, to which are added, 
after a certain number of strokes of the pump, several drops of gold chloride solution. 

A little more air is drawn through the tube and then a few drops of hydrogen peroxide are added. 

In the presence of dichloroethyl sulfide a yellow ring forms. Sensitivity: 12 mgm. of the sulfide per cu. m. of air. 


QUANTITATIVE DETERMINATION OF DICHLOROETHYL SULFIDE IN AIR 

Nephelometric Method of Yablich. This method depends on the reduction to metallic selenium, in the form of an 
orange-yellow suspension, of selenious acid when it reacts with dichloroethyl sulfide, and on the nephelometric 
measurement of the suspension formed. 

The selenious acid employed in this method of analysis is prepared by dissolving | gm. SeO: in 100 ml. of an 
aqucous solution of sulfuric acid (1 : 1 by weight). 

In practice the determination is carried out by bubbling the mixture of air and dichloroethyl sulfide through the 
reagent and then heating to 85°C. for 10 minutes. The solution is then allowed to cool and the quantity of gas 
present obtained by nephelometric comparison with a standard solution. 

By this method quantities of dichloroethyl sulfide may be determined of the order of 0.1-0.001 mgm. with a 
maximum error of 0.005 mgm. 

The Potentiometric Method of Hopkins. Another method of determining small quantities of dichloroethyl sulfide 
in air has been proposed by Hopkins. It consists in hydrolyzing the dichloroethyl sulfide with water at 35°C. and 
determining the hydrogen ion concentration of the solution obtained by a potentiometric method. 

Tn carrying out this determination it is recommended that the gas should be bubbled through two tubes in series 
containing water at 35°C. In this way the dichloroethy] sulfide is hydrolyzed rapidly and by measuring the 
hydrogen ion concentration of the solution (methyl! red indicator) the quantity of dichloroethyl sulfide may be 
obtained. 

Maxim's Method. This is based on the oxidation of the sulfur atom in dichloroethyl sulfide and its determination 
as barium sulfate. 

Tt is carried out by passing the gas containing dichloroethyl sulfide first through an ordinary combustion tube 
(whose length is chosen according to the quantity of gas to be examined), filled with fragments of pumice and 


a ee 


heated to redness, and then through a wash-bottle containing a 20% solution of barium chloride and 10-20 ml. 
hydrogen peroxide. The dichloroethyl sulfide on passing through the combustion tube is converted into sulfur 
dioxide and this is oxidized to sulfuric acid and precipitated as barium sulfate. 


QUANTITATIVE DETERMINATION OF DICHLOROETHYL SULFIDE IN INDUSTRIAL PRODUCTS 
The method commonly used up to the present to determine the dichloroethy] sulfide content of industrial products 
consists in distilling a certain quantity of the sample to be examined at reduced pressure (40 mm.) and collecting 

the fraction boiling between 125° and 130°C. From the volume of this fraction the purity of the product may be 
estimated approximately. 

Two other methods which have been proposed are described below. 

Hollely's Method. This method is based on the reaction between dichloroethy] sulfide and cuprous chloride, 

forming a double salt of definite composition: 


CICH,-CH, : 
CICH,-CH,’ J, 


Description of the Method: About | gm. of the sample is weighed accurately into a 100 ml. flask with a tight 
stopper. 10 ml. of a solution of cuprous chloride in absolute alcohol containing hydrochloric acid are added and the 
mixture continually agitated, without heating, for 10 minutes so as to ensure complete solution of the dichloroethyl 
sulfide. At the end of this time, the mixture is cooled with water and still agitated while 50 ml. of a 5% aqueous 
solution of sodium chloride are added from a burette. A precipitate of the double salt separates as fine colorless 
needles. After allowing to stand for a short time, the solution is filtered through glass wool, the filtrate being 
collected in a dry receiver. The excess cuprous chloride in the filtered liquid is then estimated in the following 
manner: 

30 ml. of the filtrate are measured into a 250 ml. flask by means of a burette and 5 ml. 20 volume hydrogen 
peroxide are added to oxidize the copper to the divalent condition. 

The contents of the flask are then boiled, being taken almost to dryness and taken up with water several times 
(generally twice) so as to remove the hydrogen peroxide completely. The residue is diluted once more with 50 ml. 
water and a solution of sodium carbonate added until a slight precipitate is formed, this being then redissolved with 
a few drops of dilute acetic acid. 

Excess potassium iodide is added and the liberated iodine is titrated with a decinormal solution of sodium 
thiosulfate. 

At the same time the alcoholic cuprous chloride solution is also titrated with the same thiosulfate solution, after first 
oxidizing the cuprous chloride with 5-10 ml. hydrogen peroxide and following the procedure described. 

From the results of this determination, the percentage of dichloroethyl sulfide present in the original sample may be 
obtained by the following calculation: 

From the formula of the double salt, it follows that 127 gm. copper correspond to 318 gm. dichloroethyl sulfide, 
and as | ml. N/10 thiosulfate is equivalent to 0.00635 gm. copper, | ml. thiosulfate must correspond to 0.0159 g 
dichloroethyl sulfide. 

Therefore the percentage will be given by the formula: 


* Cu,Cl, 


" A — B) X o-0159 X I00 
% dichloroethyl sulphide = Oe 


in which 


A=mil. N/10 thiosulfate equivalent to the copper in 10 ml. of the solution tested as a blank. 

B = ml. N/10 thiosulfate equivalent to the excess copper in 10 ml. of the solution after reaction with dichloroethyl 
sulfide. 

*The solution of cuprous chloride must be prepared freshly immediately before use, and it is therefore advisable to 
have aio % solution of hydrochloric acid in absolute alcohol available, and to dissolve 5 gm. of cuprous chloride 
in 50 ml. of this immediately before use. 

The volume resulting from the admixture of 10 ml. cuprous chloride solution with 50 ml. 5% sodium chloride 
solution has been experimentally found to be 59.5 ml. instead of 60 ml. 

This method of determining dichloroethyl sulfide does not give exact results when thiodiglycol and chlorinated 
derivatives of dichloroethyl sulfide are present in the sample (Jackson). 

The Method of Grignard, Rivat and Schatchard.1 This method is based on the conversion of dichloroethyl sulfide to 
diiodoethy! sulfide by means of hydriodic acid in acetic acid solution: 


.. and on the determination of the quantity of hydriodic acid which has not reacted. 

Description of the Method: (1) The total iodine present in the hydriodic acid to be employed is first determined. 15 
ml. glacial acetic acid are placed in a flask, and 5 ml. of a solution containing about 54% hydriodic acid added from 
a burette. A tube to serve as air condenser is fitted to the flask; its upper end should be drawn out and bent over to 
prevent dust entering. The mixed acids are then warmed on the water-bath for 15 minutes to 70°C. 

After cooling and diluting to 50 ml., 10 ml. of 10% sodium nitrite solution are added to liberate the iodine. 

The iodine is extracted with carbon tetrachloride (once with 20 ml. and four times with 10 ml.) and all the extracts 
are added to 100 ml. distilled water. The mixture is shaken to wash the tetrachloride, the water separated and 
shaken with a little carbon tetrachloride which is then added to the main bulk of the tetrachloride. The solution of 
iodine is finally titrated with thiosulfate and starch solution. 

Let Ay be the number of ml. of thiosulfate used. 

(2) The procedure described under (1) is followed, about 1 gm. of dichloroethyl sulfide (weighed accurately = P 
gm.) being added to the acetic acid solution. After heating and subsequently cooling, the contents of the flask 
(crystals and liquid) are poured into a tared 500 ml. graduated flask containing 100 ml. carbon tetrachloride and 
200 ml. water. 

The flask is shaken to dissolve the diiodoethyl sulfide, the contents diluted to volume and shaken again to 
homogenize the solution. After allowing to stand so that the two liquids separate, 50 ml. of the aqueous layer are 
taken, the iodine liberated with sodium nitrite and titrated as in (1). 

Let A; be the number of ml. of thiosulfate used. 

The 100 ml. of carbon tetrachloride are decanted from the flask, the latter washed with a little carbon tetrachloride 
which is then added to the main bulk of tetrachloride and the free iodine in the whole titrated. 

Let Ao be the number of ml. of thiosulfate used. 

Then the percentage of dichloroethyl sulfide is given by the formula: 


of, dichloroethyl sulphide = [1049 + 15 — (84, + A,)] 


There are no indications in the literature of the repeatability or accuracy of the results obtained by this method. 


(C) CHLOROANHYDRIDES AND ESTERS OF SULFURIC ACID 
Being dibasic, sulphuric acid can form two chloroanhydrides, chlorosulfonic acid and sulfuryl chloride. 


0 aes SO eC sO c 
NS _ _ 
*\OH *\oH “Ne 


While chlorosulfonic acid may be considered as the acid chloroanhydride of sulphuric acid, sulfuryl chloride is the 
true chloroanhydride. The chlorine atom in these compounds, as in all the chloroanhydrides, has little stability; it is 
readily split off by water. However, while chlorosulfonic acid reacts with water with great readiness, sulfuryl 
chloride reacts very slowly. 

Chlorosulfonic acid has little toxicity and has been chiefly employed in warfare as a smoke producer. Sulfuryl 
chloride was used particularly in admixture with other war gases (cyanogen chloride, chloropicrin, etc.). 

Sulfuric acid forms two types of esters like the two types of chloroanhydrides: 


ar oo 
SO, OR 2 OR 


monoalkyl ester dialkyl! ester 


Of these esters, methyl sulfuric acid and dimethyl sulfate were employed as war gases. They have great toxic power 
and act on the respiratory passages and on the skin. 

These esters are insoluble in water though they are decomposed on contact with water to split off the alkyl group, 
especially dimethyl sulfate. This same scission also takes place in presence of other substances containing the 
hydroxyl group. It is for this reason that dimethyl sulfate is widely employed both in the laboratory and in industry 
as a methylating agent. 


Furthermore, beside the chloroanhydrides and the esters already mentioned, sulphuric acid can form compounds of 


mixed type, of the general formula: 
OR 
so,( 
Cl 


These compounds, which may be considered as chloroanhydrides of alkylsulfuric acids, have little stability. They 
are readily decomposed by cold water or by the action of the alkali hydroxides with splitting off of the halogen and 
formation of the alkyl sulfuric acids: 


so pia H,O so,(o8 4 Hal 
Ay + ~~ ~*\oH 


It is interesting to consider the behavior of these substances to the hydrolyzing action of water, mentioned above. 
While the ethers readily split off the alkyl group, the chloroanhydrides of the alkyl sulphuric acids contain an alkyl 
which is not easily removed. It seems that in the latter compound the chlorine atom hinders the hydrolytic process. 
In the war of 1914-18 methyl chlorosulfonate and ethyl chlorosulfonate were employed as war gases. Owing to the 
presence of halogen in their molecules, these substances have a powerful lachrymatory action, but their toxicity is 
less than that of the sulfates. 

Since the war several other homologues of methyl chlorosulfonate have been prepared and studied, for instance: 
Propyl Chlorosulfonate, 


OCH,CH,CH, 
oe 


. Which is obtained by the action of sulfuryl chloride on n-propyl alcohol. It boils at 70° to 72°C. at a pressure of 
20 mm. 
Also halogenated derivatives of ethyl chlorosulfonate: Chloroethyl Chlorosul fonate, 


OCH, - CH,Cl 
oe 


. . obtained by the action of sulfuryl chloride on glycol chlorohydrin, boils at 101°C. at 23 mm. pressure and has an 
odor similar to that of chloropicrin. Bromoethyl Chlorosulfonate, 


CH,CH,B 
soo a 
cl 


. . obtained by the action of sulfuryl chloride on glycol bromohydrin, boils at 100° to 105°C. a t 18 mm. pressure. 
These three compounds are powerful lachrymators. 

Several analogous compounds have also been prepared, such as methyl fiuorosulfonate and ethyl fluorosulfonate. 
These are liquids with ethereal odors, having both lachrymatory and toxic properties. The ethyl derivative has 
greater lachrymatory power than the methyl. 

Further, a chlorinated derivative of dimethyl sulfate has been prepared, dichloromethy] sulfate. This is a colorless 
liquid boiling at 96° to 97°C. at 14 mm. of mercury. 

Unlike dimethyl sulfate, this compound is completely destitute of toxic power. 


1. Chlorosulfonic Acid (M.Wt. 116-53) 
Cl 


4 
sO 
*\oH 


Chlorosulfonic acid was used as a war gas in small quantities in the war of 1914-18 by the French and also by the 
Germans, but its principal use was as a smoke producer. The French employed it with dimethyl sulfate in the 
mixture "Rationite." 


PREPARATION 
Chlorosulfonic acid is formed by the simple addition of hydrochloric acid to sulfur trioxide: 


cl 
sO, + HCl = SOK 


The usual method of preparation of chloroanhydrides may also be employed: 


OH cl 
so, + Pc, = so, + HCI + Pod, 
OH OH 


In the laboratory, chlorosulfonic acid is usually prepared by the method of Beckurts and Otto. 

200 gm. oleum (containing 38-40% free SO3) is placed in a tubulured retort of about 300 ml. capacity, which is 
connected to a condenser. By means of a glass tube passing through the stopper to the bottom of the retort, a current 
of dry hydrochloric acid is bubbled in. When absorption of the hydrochloric acid ceases, the chlorosulfonic acid 
formed is distilled. The distillate is generally slightly colored; it may be purified by a further distillation. The yield 
is almost theoretical. 

Industrially, chlorosulfonic acid is prepared by a similar method, that is, by bubbling a current of dry gaseous 
hydrochloric acid through a solution of sulfur trioxide in sulphuric acid to saturation and separating the 
chlorosulfonic acid by distillation. 

Or more simply, it may be prepared by the direct reaction between hydrochloric acid and sulfur trioxide. 

During the war large quantities were obtained as a by-product in the preparation of phosgene from carbon 
tetrachloride and oleum. 


PHYSICAL AND CHEMICAL PROPERTIES 
It is a colorless liquid which boils at 153° to 156°C. with partial decomposition. On heating to 158°C, however, it 
decomposes into sulphuric acid, chlorine and sulfur dioxide: 


Cl 
2 $0, —» H,SO, + SO, + Cl, 


It has a specific gravity of 1.776 at 18°C. On cooling strongly it solidifies to a mass melting at —81°C. 

Its heat of formation from sulfur trioxide and hydrochloric acid is 14,400 calories, its heat of solution in water is 
40,300 calories, and its heat of volatilization is 12,800 calories per gm. molecule. It has a vapor density of 4-0. 
It fumes in contact with air, forming sulphuric acid and hydrochloric acid: 


Cl 
SOC + H,O = H,SO, + HCl 


When hydrogen sulfide acts on chlorosulfonic acid, even in the cold, sulfur is formed and hydrochloric acid 
evolved. 
By the action of chlorosulfonic acid on methyl alcohol at —5°C, methyl sulphuric acid is formed, 


cl OCH 
CH,-OH + 80,(~ = Ha +80, 
OH OH 


.. .and this by the action of a further molecule of chlorosulfonic acid is converted into methyl chlorosulfonate. 


50,(-7 4. s0 Cc “a ili H,SO. 
= ae 
NXg TPH *\c1 ry 


On heating formaldehyde to about 70°C. with chlorosulfonic acid, dichloromethyl sulfate and also dichloromethyl 
ether are formed: 


CH,Cl 
H 


CH,Cl CH,Cl 
2 So, =F SO, 
OH OCH,Cl 


Dichloromethyl sulfate is a colorless liquid, with b.p. 96° to 97°C. at 14 mm. mercury pressure and S.G. 1.60 at 
room temperature. It is readily soluble in the common organic solvents, though sparingly soluble in petroleum 
ether. Unlike dimethyl! sulfate it has no toxic power. 

Chlorosulfonic acid also reacts with dimethyl sulfate to form methyl chlorosulfonate: 


OH OCH, OCH, OCH, 
Se) + SO = 80 + SO 
Ko aces A ne 


Tt reacts with monochloromethyl chloroformate, forming monochloromethyl chlorosulfonate: 


OH OCH,Cl OCH,CI 
80, + cof = so, + HCl + CO, 


Cl 


. .a colorless liquid, boiling at 49° to 50°C, at a pressure of 14 mm. mercury and having a density of 1.63 at room 
temperature. It is sparingly soluble in water with partial decomposition. It is soluble in the common organic 
solvents. It strongly irritates the mucous membranes (Fuchs and Katscher). 

The lethal concentration for man at 30 minutes' exposure is 6,000-8,000 mgm. chlorosulfonic acid per cu. m. of air 
(Lindemann). 


cl 
CH,O + SO. = §0, 


2. Sulfuryl Chloride (M.Wt. 135) 
Cl 
SoC 
Cl 


Sulfuryl chloride was chiefly prepared during the war for the manufacture of methyl and ethyl chlorosulfonates, but 
was occasionally employed also in admixture with cyanogen chloride, phosgene or chloropicrin (Prentiss). 


PREPARATION 
It may be obtained by heating chlorosulfonic acid to 180°C. under pressure. The following reaction takes place: 


280," > 80d" + 800 


In the presence of suitable catalysts, such as salts of mercury, this reaction may be carried out at lower 
temperatures: at about 70°C. and ordinary pressure. 
However, in the laboratory it is more convenient to prepare it by synthesis from chlorine and sulfur dioxide: 


SO, -f Cl, = SO,Cl,, 


. . in presence of camphor | or activated carbon. 10 gm. camphor are placed in a flask of about 500 ml. capacity 
fitted with a reflux condenser which is connected to an aspirator. 

A glass tube with a three-way cock leads to the bottom of the flask, which is cooled with iced water while a current 
of sulfur dioxide, dried by means of sulphuric acid, is passed in. The gas is rapidly absorbed by the camphor, and 
when this is reduced to a liquid the gas is discontinued and a current of dry chlorine bubbled through. When the 
chlorine is no longer absorbed and its color no longer disappears, it is replaced by sulfur dioxide and then chlorine 
is again passed in. 


When the flask contains 30-40 ml. liquid, both gases are passed in together, with external cooling, and when 
sufficient liquid has been produced, the mixed-gas current is stopped and the product distilled, collecting the 
fraction passing over between 68° to 70°C, which consists of sulfuryl chloride. 


PHYSICAL AND CHEMICAL PROPERTIES 

Sulfuryl chloride is a colorless liquid boiling at 69.2°C. and melting at —-54.1°C. Its specific gravity at 0°C. is 1.708 
and at 20°C. 1.667. 

Its vapor density is 4-6 and its heat of volatilization 524 calories. 

Sulfuryl chloride is slowly decomposed by cold water, but hot water or alkalies act rapidly and vigorously, sulfuric 
acid and hydrochloric acid being formed. When sulfuryl chloride vapor is passed through a tube heated to dull 
redness, decomposition takes place with formation of sulfur dioxide and chlorine. 

Gaseous ammonia reacts with sulfuryl chloride to form ammonium chloride and sulphamide: 


NH, 
SO,Cl, + 4 NH; = SO, + 2 NH,Cl 
NH, 
Sulphamide forms white crystals, melting at 92°C. and soluble in water. 
Jodine in the presence of aluminum chloride reacts with sulfuryl chloride in several ways: to form iodine 
monochloride if the sulfuryl chloride is insufficient: 


SO,Cl, + I, = 2ICl + SO,; 
. .or if the sulfuryl chloride is in excess, to form iodine trichloride: 
380,Cl, + I, = 2ICl; + 3S0,. 


By the action of hydriodic acid on sulfuryl chloride sulfur dioxide, hydrochloric acid, sulfur and iodine are formed. 
On heating to 200°C. with sulfur, sulfur monochloride and dichloride are formed. This reaction takes place at 
ordinary temperatures in presence of aluminum trichloride. 

Sulfuryl chloride usually behaves as a chlorinating agent. 

For instance, with benzene chlorobenzene is formed: with acetone mono- and di- chloroacetones; with aniline 
trichloroaniline, etc. 

It reacts with methyl alcohol, forming various products according to conditions. Thus in presence of excess sulfuryl 
chloride, methyl chlorosulphonate is produced: 


OCH, 
SO,Cl, + CH,OH = $0. 4+ HC 


In presence of excess of the alcohol, methyl sulfate is formed: 


ae 


2 CH,OH + SO,Cl, = SO, +2 HCl 


.. .or else methyl chloride and methyl sulfuric acid: 


CH 


O' 3 
3 CH,OH + S0,Cl = 2 CH,Cl + SO + H,0 


It also reacts with ethylene chlorohydrin, forming chloroethyl chlorosulphonate: 
OCH,CH,Cl 
0 
Cl 


.. aliquid boiling at 101°C. at a pressure of 23 mm. and having a density of 20°C. of 1.552. It is stable during 
storage and has, an odor like that of chloropicrin; it causes lachrymation. 


SO,Cl, + CI-CH,-CH,OH = + HCl 


On continuing the heating, the reaction proceeds further and Bf'-dichloroethyl sul fate is formed: 


CH,OH OCH,CH,Cl 
2 | +S0,ch = so, CHC HC 
CH,CI OCH,CH,Cl 


This is a colorless, inodorous liquid which distils without decomposition only under reduced pressure. The boiling 
point is 154°C. at 8 mm. mercury pressure. Its $.G. at 20°C. is 1.4622. 

On cooling it forms a crystalline mass, melting at 11°C. and insoluble in water. It is hydrolyzed neither by water 
nor ammonia. 

Liquid sulfuryl chloride has a slight corrosive action on iron, but is without action on lead. 


3. Methyl Sulfuric Acid (M.Wt. 112) 


The importance of this compound as a war gas is almost nil; it had a very limited use during the war mixed with 
dimethyl sulfate. 


PREPARATION 

In the laboratory it is prepared by the action of methanol on chlorosulfonic acid. According to Claesson, the 
chlorosulfonic acid is placed in a small flask, which is fitted with a tap-funnel and externally cooled with ice. 
Water-free methyl alcohol, previously distilled from lime, is slowly introduced in quantity stoichiometrically 
equivalent to the chlorosulfonic acid. As each drop of alcohol comes into contact with the chlorosulfonic acid, 
hydrochloric acid is evolved. At the end of addition of the alcohol the flask is heated gently while a current of dry 
air is passed through in order to remove the hydrochloric acid dissolved in the mixture. The product obtained 
contains about 90% methyl sulfuric acid. 


PHYSICAL AND CHEMICAL PROPERTIES 
Methyl sulphuric acid is an oily liquid which may be cooled to -30°C. without solidifying. On heating to 130° to 
140°C. it decomposes almost quantitatively into dimethyl sulfate and sulfuric acid: 

OH 


ce ~ SO ont $0 


It is sparingly soluble in water and alcohol. In anhydrous ether it dissolves in all proportions. 
It reacts with methyl chloroformate to form dimethyl sulfate in good yield: 


OCH, Cl OCH, 
s0,( 


ay = so,¢ + HCl + CO, 
OH COOCH, OCH, 


With monochloromethyl chloroformate it reacts to form methyl chlorosulphonate: 
OCH, a 
SOC? + | 
OH COOCH,C1 


2 SO, 


OCH, 


4. Dimethyl Sulfate (M.Wt. 126-12) 
OCH, 


SO 
*\ocH, 


Dimethyl sulfate was used by the Germans mixed with methyl chlorosulphonate, this being the product obtained in 
the industrial manufacture from methanol and chlorosulfonic acid when the esterification is incomplete. Dimethyl 
sulfate mixed with chlorosulfonic acid was used by the French under the name of "Rationite." 

Dimethyl sulfate, before being employed as a war gas, was used in industry as a methylating agent for amines and 
phenols. 


In recent years it has also been employed as a catalyst in the preparation of cellulose esters. 


PREPARATION 
It may be obtained by the decomposition of methyl sulfuric acid at high temperatures and in vacuo: 


OCH, OCH, OH 
2 s0,( a sO, 4. so, 
H CH, H 


.. or by the action of methyl alcohol on sulfuryl chloride: 


1 HOCH, OCH, 
so, + = so, *+2HCI 
Cl HOCH, OCH, 


.. .or else by the esterification of fuming sulfuric acid with methyl alcohol: 


H HOCH, H, 
so( +  . =SO0, +2H,0 
OH HOCH, CH, 


Guyot and Simon, employing oleum containing 60% SO3 in the last method have obtained a very high yield of 
dimethyl sulfate (about 90%). 

Recently a method of preparation has been worked out based on the reaction between methyl nitrite and methyl 
chlorosulphonate: 


cs os 


SO, + ON - OCH; = SO, + NOCI 


3 


LABORATORY PREPARATION 

In the laboratory it is preferable to prepare dimethyl! sulfate by Ullmann's method, that is, by the action of methyl 
alcohol on chlorosulfonic acid, 

100 gm. chlorosulfonic acid are placed in a 200 ml. distillation flask which is closed with a rubber stopper 
containing two holes. 

Through one of the holes passes a thermometer and through the other a tap-funnel of the "Bulk" type containing 27 
gm. water-free methyl alcohol. The exit tube of the distillation flask is connected with a wash-bottle containing a 
little sulphuric acid, and the exit from this leads to a second bottle partly filled with water, which serves to absorb 
the hydrochloric acid formed in the reaction. 

The contents of the flask are cooled to —10°C. by means of a freezing mixture and then the methyl alcohol allowed 
to enter from the tap-funnel, regulating the rate of addition so that the evolution of hydrochloric acid is not too 
violent. During the addition of the alcohol, the contents of the flask are repeatedly agitated and care is taken that the 
temperature does not rise above —5°C. The whole operation takes about if hours. 

When all the alcohol has been added, the product is allowed to stand for about 12 hours and then distilled under 20 
mm. mercury pressure, heating the flask on an oil bath to 140°C. The distillate consists of almost pure dimethyl 
sulfate, and is finally washed with a little cold water and dried with calcium chloride. Yield is 80% of theory. 


INDUSTRIAL MANUFACTURE 

Industrially, dimethyl sulfate is nowadays prepared almost exclusively by the action of chlorosulfonic acid on 
methyl alcohol at a low temperature in the presence of carbon tetrachloride and then distillation of the product at 
reduced pressure. 

6.4 kg. 99% methanol are placed in an enamelled iron vessel fitted with a reflux apparatus, together with 20 kg. 
carbon tetrachloride, and then 24 kg. chlorosulfonic acid are added slowly while stirring. At the end of this 
operation, the carbon tetrachloride is first distilled off on a water-bath and collected for employment in another 
preparation, and then the dimethyl sulfate is distilled under reduced pressure. 


PHYSICAL AND CHEMICAL PROPERTIES 

Dimethyl sulfate is a colorless, inodorous liquid which boils at ordinary pressure at 188°C. with partial 
decomposition, while at 15 mm. of mercury pressure it boils without decomposition at 96°C. It solidifies at — 
31.7°C. and has a specific gravity of 1.333 at S°C . Its vapor density is 4.3. Its volatility at 20°C. is 3.300 mgm. per 
cu. m. According to this, dimethyl sulfate is unsuitable for use as an asphyxiant war gas because its volatility is too 
low and equally unsuitable as- a vesicant because its volatility is too high. 

Dimethyl sulfate is sparingly soluble in water (about 2.8%), but soluble in the common organic solvents. 

It is decomposed by alkalies and partially even by cold water: 


SO, ait ee, 


+ HOH = SO, + CH,OH 


3 


Boulin and Simon have observed that on long standing, a mixture of water and dimethyl sulfate becomes 
homogencous. 
This is attributed to the fact that decomposition takes place as follows, in these circumstances: 


OCH, CH, 
SO oa +H,O = H,SO, + OC 
3 3 


The methyl ether formed is completely soluble in the sulfuric acid also produced in the reaction. 

Dimethyl sulfate reacts in a similar manner with other substances containing the hydroxyl group, such as phenols. 
These compounds condense readily and quantitatively in alkaline solution with dimethyl sulfate. According to 
Ullmann, dimethyl sulfate may be usefully employed instead of methyl iodide for introducing methyl groups into 
organic molecules. 

It reacts with hydrogen peroxide, forming methyl peroxide, CH; —O—O—CH,;, a gas at ordinary temperatures 
with an odor reminiscent of nitrous gases. It boils at 13.5°C. at a pressure of 740 mm. Heated in admixture with air 
it explodes with violence and flame, evolving formaldehyde. The vapor of methyl peroxide irritates the respiratory 
passages. 

Dimethy! sulfate also reacts with amines. For instance, with the aromatic primary amines it forms the methyl 
sulfate of the primary amine, together with the corresponding secondary base (Ullmann): 


OCH, CH, 
+2R-NH, = R-NH,-CH,HSO, + HN( 
H; R 

The tertiary amines in ethereal or benzene solution react with dimethyl] sulfate, forming quaternary ammonium 
compounds. 
Dimethyl sulfate does not attack metals. It is only to a slight extent absorbed by animal and vegetable fibers; cotton 
absorbs more than wool. 
A normal man cannot breathe the gas for more than one minute in concentrations greater than 50 mgm. per cu. m. 
of air (Flury). The mortality-product, determined with cavies, is 35,000. Even at low concentrations it has a 
vesicant action on the skin. 


SO, 


5. Methyl Fluorosulphonate (M. Wt. 114) 


Methyl fluorosulphonate was obtained by Meyer in 1932 by the action of fluorosulfonic acid on dimethyl ether: 


CH, H CH, 
Yo +280{ = 2 80, RO 
CH, F F 


LABORATORY PREPARATION 

10 ml. fluorosulfonic acid are placed in a wash-bottle and a current of dry dimethyl ether, obtained by heating 1.3 
parts methanol with 2 parts concentrated sulfuric acid to 140°C. is passed in. The methyl ether is absorbed and 
reacts immediately. 


For safety, a second wash-bottle should be inserted containing a further 10 ml. fluorosulfonic acid, and after this it 
is best to introduce another containing concentrated sulfuric acid. 

After 3 hours, that is, when the fluorosulfonic acid in the first bottle absorbs no more methyl ether, the product is 
distilled under reduced pressure. At a pressure of 160 mm. methyl fluorosulphonate distils at 45°C. 

PHYSICAL AND CHEMICAL PROPERTIES 

Methyl fluorosulphonate is a liquid with an ethereal odor, boiling at 92°C. at ordinary pressure. It has a specific 
gravity of 1.427 at 16°C, and attacks glass. In the cold it has very little attack on rubber, cork and other organic 
substances. 

It is not miscible with water, but is rapidly saponified, especially in the presence of alkalies or acids. 

Tt has toxic properties (Meyer). 


6. Methyl Chlorosulphonate (M.Wt. 13055) 


Methyl chlorosulphonate was employed by the Germans both alone, and in admixture with dimethyl sulfate (75 
parts dimethyl sulfate and 25 parts methyl chlorosulphonate) under the name of "C-Stoff." 


PREPARATION 
The usual method of preparing this war gas is by the action of methyl alcohol on sulfuryl chloride: 


Cl pm 


S0,(_, + HOCH = so, + HC 


65 gm. sulfuryl chloride are placed in a flask of 150-200 ml., which is fitted with a dropping funnel and a reflux 
condenser connected at its upper end by a tube to a flask filled with water. 

The function of the water in the flask is to trap the hydrochloric acid which is evolved in the reaction. 15 gm. 
methyl alcohol (preferably dried) are allowed to drop in slowly from the tap funnel. 

During this addition the reaction mixture is agitated continuously and the flask is cooled externally with ice. When 
all the alcohol has been added, the flask is allowed to stand for 2-3 hours and then heated to 50° to 60°C. on the 
water-bath, until all the hydrochloric acid has been evolved. The liquid product is then placed in a separatory 
funnel, washed rapidly with iced water and the heavier layer separated and distilled in vacuo, the fraction boiling 
between 38° and 45°C. at 16 mm. pressure being collected. 


PHYSICAL AND CHEMICAL PROPERTIES 

It is a colorless liquid with a pungent odor and boils at ordinary pressure at 133° to 135°C. with decomposition. At 
16 mm. pressure it distils unaltered at 42°C. It melts at -70°C. and has a $.G. at 15°C. of 1.492, while its vapor 
density is 4.5 (air = 1). The volatility at 20°C. is 60,000 mgm. per cu. m. It is immiscible with sulphuric acid, but 
miscible with carbon tetrachloride, chloroform and ethyl alcohol. It is insoluble in water, which hydrolyses it 
according to the equation: 


ii i, 


That is, unlike the sulfuric esters, methyl sulfuric acid and dimethyl sulfate, it does not split off its alkyl group on 

hydrolysis, but only the chlorine atom. 

If the water is in excess, however, even the methyl sulfuric acid which is formed is decomposed into hydrochloric 

acid and methyl alcohol. 

Tt reacts with methyl nitrite at about 140°C, forming dimethy! sulfate: 

CH, OCH, 
SO, + ON - OCH, = so,( +NOCI 
Cl 3 
The minimum concentration capable of provoking irritation is 2 mgm. per cu. m. of air (Muller). The limit of 
insupportability according to Lindemann is 30-40 mgm. per cu. m. Mortality product: 2,000 (Muller). 


7. Ethyl Chlorosulphonate (M.Wt. 144-57) 


OC,H 
SOC os 


This compound was used by the French, at the suggestion of Grignard, towards the end of 1915, because of its 
irritating action on the skin. It was also employed mixed with bromoacetone. 


PREPARATION 
It is generally prepared by the reaction of ethylene with chlorosulfonic acid in the cold: 


OH OCH 
GH, +80{ "= sa" 


Tt may also be obtained by the action of fuming sulfuric acid on ethyl chloroformate. 


PHYSICAL AND CHEMICAL PROPERTIES 

Ethyl chlorosulphonate is a colorless, oily liquid fuming in damp air and having a pungent odor. It boils at ordinary 
pressure at 152° to 153°C. and at 100 mm. pressure at 93° to 95°C. 

Its specific gravity at 0°C. is 1.379, and its vapor density is five times that of air. It has a low vapor pressure. 

It is insoluble in water and is readily decomposed by cold water according to the equation: 


OC,H : H 
so, ** + HOH = so,(°* * + HCl 
cl OH 


That is to say, it gives up the chlorine atom and not the alkyl group on hydrolysis, like the methyl derivative already 
described. 

However, the velocity of hydrolysis is lower. 

It dissolves readily in ligroin, chloroform and ether. On heating to about 160°C. it decomposes to form sulfur 
dioxide, sulfuric acid, hydrochloric acid and ethylene. 

When treated with aniline dissolved in ether, it forms ethyl chloride and sulphanilic acid. 

Ethyl chlorosulphonate does not attack iron or steel, but attacks copper slightly and lead and tin vigorously. 

The lower limit of irritation is the same as that of the methyl derivative, that is, 2 mgm. per cu. m. of air (Muller). 
The limit of insupportability, according to Flury, is 50 mgm. per cu. m. and the mortality-product is 3,000 (Muller) 
and 10,000 (Prentiss). 


Analysis of the Sulfuric Acid Derivatives 


DETECTION 

The detection of these compounds is usually carried out by utilizing their reaction with alkaline solutions or 
sometimes with water alone, in which sulfuric acid, hydrochloric acid, methyl or ethyl alcohol, etc., are formed. 
These may then be recognized by the usual methods of qualitative analysis. 

Detection of Chlorosulfonic Acid. This substance may be detected by absorbing a sample in sodium hydroxide 
solution and then testing for the presence of chloride with silver nitrate and of sulfate with barium chloride. 
Detection of Sulfuryl Chloride. According to Heumann and Kochling, when gaseous sulfuryl chloride is passed 
through a glass tube raised to dull red heat, decomposition takes place as follows: 


S0,Cl, = SO, + Cl. 


By testing for chlorine and sulfur dioxide in the gas produced, it is possible to detect the presence originally of 
sulfuryl chloride. 

According to the same authorities it is advisable to confirm the presence of chlorine by means of potassium iodide 
and of sulfur dioxide with lead dioxide, which becomes white on being converted to sulfate. 

Detection of Dimethyl Sulfate. In order to test for dimethyl sulfate, about 2 gm. of the sample are digested ina 
reflux apparatus with 50 ml. water for about | hour. The solution is then distilled; the distillate is tested for methyl 
alcohol and the residue for sulfuric acid. 


QUANTITATIVE DETERMINATION 

The quantitative determination of the sulphuric acid derivatives may be carried out as described in the paragraphs 
above dealing with their qualitative analysis : by decomposing the sample by warming with water or alkaline 
solutions and then determining the sulfuric and hydrochloric acids quantitatively. 

Determination of Chlorosulfonic Acid. About 1 gm. of the sample is introduced into a small glass bulb which is 
then sealed in the flame and weighed accurately. This bulb is then placed in a tall glass cylinder of about 150 ml. 
capacity, containing about 100 ml. water. The cylinder is stoppered tightly and shaken violently so as to break the 
bulb, and then allowed to stand until the cloud which first forms in the cylinder completely disappears. The 
contents are then transferred to a 500 ml. flask and made up to volume. 200 ml. of the solution are then titrated with 
a decinormal sodium hydroxide solution, to the methyl orange end-point, so as to obtain the total hydrochloric and 
sulfuric acid content. In another 200 ml. the hydrochloric acid is titrated with a decinormal solution of silver nitrate 
in presence of a few drops of potassium chromate solution, after addition of excess of pure calcium carbonate. 
Calculation: If a gm. sample were taken and b ml. N/10 sodium hydroxide and c ml. N/10 silver nitrate were 
employed, then, 


% HCL = oo xe 
100075 (6 —c 
% H,SO, = ae Bea 


Determination of Sulfuryl Chloride. A simple method of determining this substance is based on its quantitative 
decomposition into chlorine and sulfur dioxide when it is passed through a tube heated to dull-redness. Then on 
determining the chlorine and the sulfur dioxide by one of the ordinary methods, the amount of sulfuryl chloride 
present in the sample may be deduced. 


CHAPTER XV 
ARSENIC COMPOUNDS 


TOWARDS the end of the war of 1914-18, the attention of chemists searching for new war gases returned to the 
arsenic compounds which had already frequently been considered, on account of their great toxicity. Only a few 
had actually been employed, however, for their physical properties rendered them unsuitable in general. Thus all 
the inorganic compounds were discarded, excepting hydrogen arsenide, which was tested at the commencement, 
but was also abandoned because of its instability and rapid diffusion and arsenic trichloride, which had only a 
limited employment and that solely as solvent for the war gases (phosgene, hydrocyanic acid, etc.). 

A very large number of potential war gases was found amongst the organic derivatives however. The superiority of 
the organic arsenicals over the inorganic compounds is attributed to the fact that the former are, in general, soluble 
in the lipoids and dissolve preferentially in lecithin and cephalin, while the inorganic compounds are rapidly 
eliminated via the kidneys and the mucus. 

From the results of the researches carried out on the organic arsenic compounds, it is possible to divide these into 
the following groups: 


(1) Aliphatic Arsines : Methyl dichloroarsine. 
Ethyl dichloroarsine. 
Chloroviny] arsines. 


(2) Aromatic Arstines : Phenyl dichloroarsine. 
Dipheny] chloroarsine. 
Dipheny] cyanoarsine. 


(3) Heterocyclic Arsine : Phenarsazine chloride. 


Of these, the aromatic arsines were very largely used during the war, especially diphenyl chloroarsine. The 
aggressive action of these aromatic arsines, unlike that of all the compounds described previously, is provoked by 
finely divided solid particles, which on liberation in the air form true smokes and are known as the "toxic smokes." 
Phenyl dichloroarsine is an exception, not being a smoke. 

Most of the aliphatic and aromatic arsines employed during the war of 1914-18 were substances which had been 
known for some time. The only new substances are the chlorovinyl arsines and phenarsazine chloride, of whose 
practical efficiency somewhat conflicting opinions are still held. 

The fact that during the war only the compounds mentioned above were actually used does not indicate that they 
were superior to others which have been prepared and studied. 

Nevertheless, it is probable that preference will be given to those substances whose range of application is known, 
without using compounds of uncertain scope. 


(A) ALIPHATIC ARSINES 
The aliphatic arsines are substances, which are generally liquid and oily, have a not unpleasant odor, are somewhat 
miscible with water, but are all more or less rapidly hydrolyzed as follows: 


1 Hi 

R-As(_ + _)O = R-AsO + 2 HC 
Cl H 

These substances, though more powerfully toxic than the aromatic arsines, are of minor importance because of their 

rapid diffusion in the air without forming aerosols. 

Even the chlorovinyl arsines, although they are easily prepared, do not seem to be sufficiently aggressive in their 

action to replace the aromatic arsines. According to several authorities, experiments on the methods of military 

application of the chlorovinyl arsines have been abandoned even in America. 

Of the aliphatic arsines, only ethyl dichloroarsine has been widely employed as a war gas and is considered as the 

typical substance for use in projectiles. Methyl dichloroarsine is classed by some German authors as a substance 

which was studied in the post-war period, but according to an American authority it was actually employed by the 

Allies towards the end of the war, though only in small quantity. 


Since the war, various other compounds of similar properties and method of preparation have been prepared and 
studied. 

For instance, dimethyl chloroarsine (b.p. 106.5° to 107°C), dimethyl bromoarsine (b.p. 128° to 129°C), dimethyl 
fluoroarsine, methyl dicyanoarsine (m.p. 115.5° to 116.5°C.), ethyl dibromoarsine, etc. All of these have aggressive 
properties inferior to those of methyl dichloroarsine. 

Homologues of methyl dichloroarsine have also been prepared: n-Butyl-dichloroarsine CsHoAsCh, obtained by the 
action of hydrochloric acid on n-butyl arsenic acid in the presence of sulfur dioxide, is an oily liquid boiling at 192° 
to 194°C, 

Isoamyl dichloroarsine, CsH;;AsCl. obtained by the action of phosphorus trichloride on iso-amyl arsenic acid, is a 
liquid boiling at 88.5° to 91.5°C. at 15 mm. mercury pressure. 

This latter substance has great irritant power (Liebermann). 


1. Methyl Dichloroarsine (M.Wt. 161) 


Cl 
Cl 


Methyl dichloroarsine was prepared by Bayer in 1858 by two different methods: 
(a) By the decomposition of cacodyl trichloride at 40° to 50°C. 


C1\ Hg Cl 
Cl-As — CH,As + CH,Cl 
Cl/ ‘CH, Cl 


(b) By the action of gaseous hydrochloric acid on cacodylic acid: 


CH ms Ast 


CH, cl 
ou.) 8008 +3HC = CHAS + CH,CI + 25,0 


Methyl dichloroarsine may also be obtained by treating dimethyl arsine with chlorine: 


CH, 1 
As-H +2Cl, = CH,As(_ + CH,Cl + HCl 
CH; cl 


.. .or, according to Auger, by bringing about the reaction between methyl arsenic acid and phosphorus trichloride, 
which both reduces and chlorinates: 


OH Cl 


LO + PC + HPO,+CH,As( + HCl 
\OH Cl 


It is easily understood that this reaction, though convenient enough for the laboratory preparation of methyl 
dichloroarsine, is not suitable for its industrial manufacture because of the difficulty of procuring large quantities of 
the raw materials. 

The lack of an easy and simple method of manufacture may be considered as one of the principal causes which 
prevented methyl dichloroarsine from being employed as a war gas until the very end of the war, when only the 
Americans succeeded in producing it on an industrial scale by a simple method. 

The method used by the Americans commenced with sodium arsenite and dimethyl sulfate, and proceeded by the 
following stages: 

(1) Methylation of the sodium arsenite with dimethyl sulfate: 


CH,-As 


Na,AsO. oH 50 **\ 50 CHAO 
agAs' + = : s= 
. CH; : Na sila “ONa 


(2) Reduction of the sodium methyl arsenate with sulfur dioxide, after acidification: 


CH ee + SO, = Na,SO, + CH,-As-O 


(3) Chlorination of the methyl arsenious oxide with hydrochloric acid: 


cl 
CH,As-O + 2 HCl = CHAS | + H,0 


LABORATORY PREPARATION 

In the laboratory, methyl dichloroarsine may be prepared by the method indicated above. 

100 gm. arsenious oxide are placed in a wide-mouthed glass flask of | liter capacity, a solution of 120 gm. sodium 
hydroxide in 150 gm. water is added and the whole heated on a water-bath at 80°C. until the arsenious oxide is 
completely dissolved. 

Then, without heating, but stirring vigorously with a mechanical agitator, 64 gm. dimethyl sulfate are added little 
by little. 

The reaction between sodium arsenite and dimethyl sulfate is highly exothermic and the rate of addition of the 
latter should be so regulated that the temperature does not rise above 85°C. 

When all the dimethyl sulfate has been added, the flask is fitted with a reflux condenser and the contents boiled for 
2 hours. 

The sodium salt of methyl arsenic acid is obtained. It is allowed to cool and a small amount of potassium iodide is 
added, after which a current of sulfur dioxide is passed through the liquid until it is saturated (about 6 hours). The 
mixture is again boiled under reflux for about an hour; during this period, an oily substance consisting of methyl 
arsenious oxide deposits at the bottom of the flask, where it is saturated with a current of gaseous hydrochloric acid, 
while the flask is cooled externally. On attaining complete saturation, the flask is connected with a Liebig's 
condenser and the liquid distilled. Much hydrochloric acid is evolved at first; later a mixture of hydrochloric acid 
and methyl dichloroarsine distils over. The distillation is continued until no more oily liquid condenses. The 
distillate is placed in a separatory funnel and the oily layer separated and distilled. 


INDUSTRIAL MANUFACTURE 

A diagram of the American plant for the manufacture of methyl dichloroarsine is shown as Fig. 15. 

The reaction takes place in a Pfaudler kettle A of about 100 gallons capacity, which is double-walled to allow of 
steam heating and fitted with a mechanical agitator F. At the top of the lid two three-way cocks R and R' are fitted. 
The cock R serves for the introduction of the reactants and is connected with a long leaden tube which reaches 
almost to the bottom. This cock also connects both with the receiver C containing sodium arsenite, and with the two 
cylinders DD' of sulfur dioxide, with a pipe O through which the dimethyl sulfate enters and also with a smaller 
Pfaudler vessel B, of about 50 gallons capacity, in which the hydrochloric acid is prepared. The sulphuric acid 
which is used for preparing the hydrochloric acid is contained in the vessel G which is fed from the storage vessel E 
by means of a pump. 

The three-way cock R' serves to carry off the reaction products and leads one way to a water-cooled condenser M 
and the other to a reflux condenser P, consisting of a lead coil contained in an iron cylinder full of ice and water, 
and leading to two sight bottles, | and L, by means of which any escape of gas from the apparatus may be observed. 
A solution of sodium arsenite is first prepared in the container C by dissolving 42 kg. arsenious oxide in a solution 
of 64 kg. of NaOH in 188 kg. water. When it has completely dissolved the solution is introduced into the Pfaudler 
kettle A and then 64 kg. methyl sulfate are added through the pipe O, maintaining the temperature at about 85°C. 
The completion of the conversion of the sodium arsenite into sodium methyl arsenate is shown by a drop in 
temperature. When this reaches 50° to 55°C. a current of sulfur dioxide is introduced from the cylinders D and D' 
and bubbles through the reaction product, which is maintained at 65°C, until complete saturation is attained and the 
reduction to methyl arsenious oxide complete. A current of gaseous hydrochloric acid is then passed in through the 
cock R to complete saturation, and finally the mixture is distilled. 

The distillate is collected in a separatory vessel, and the oily layer dried with calcium chloride and fractionally 
distilled from an oil-bath. The methyl dichloroarsine passes over between 129° and 133°C. 


PHYSICAL AND CHEMICAL PROPERTIES 

Methyl dichloroarsine is a mobile, colorless liquid which has a characteristic odor and does not fume in the air. It 
boils at 37°C. at 25 mm., at 55.5°C. at 50 mm., at 72.1°C. at 100 mm., at 89.1°C. at 200 mm. and at 132° to 133°C. 
at ordinary pressure. Its melting point is -42.5°C. (Gibson) and its specific gravity 1.838 at 20°C. It has a vapor 
density of 5.5 and a coefficient of thermal expansion of 0.00102. 

The vapor tension at a temperature t may be calculated from the formula. 


: 2281-7 
REE =O ae 
The values of the vapor tension at the following temperatures are: 
TEMPERATURE VAPOUR TENSION 
2c, mm, mercury 
— 15 0°67 
ce) 2°17 
15 5°94 
25 10°83 
35 19°33 


The volatility of methyl dichloroarsine at 20°C. is 74,440 mgm. per cu. m. of air. 
It dissolves in water (1 gm. in 1,000 ml. water), being rapidly hydrolyzed according to the equation: 


CH,AsCl, + H,O = CH,AsO + 2HCl. 
It is, however, easily soluble in the common organic solvents. 
In contact with alkaline solutions, methyl dichloroarsine is quantitatively decomposed: 


CH,AsCl, + 2NaOH = CH, AsO + 2NaCl + H,0, 


.. forming methyl arsenious oxide, as with water. This oxide is crystalline and colorless, has an odor of asafoetida 
and melts at 95°C. Its density is 2.48 and it is soluble in water, alcohol, ether and benzene and readily volatile in 


steam. 


Solutions of methyl dichloroarsine in carbon disulphide when cooled to —10°C, easily absorb chlorine forming 
large crystals of methyl tetrachloroarsine, which decompose at 0°C. into methyl chloride and arsenic trichloride: 


CH,AsCl, + Cl, —> CH,As—Cl, > CH,Cl + AsCl,. 
Methyl dichloroarsine reacts with bromine water, forming methyl arsenic acid: 


CH,As-Cl, + H,O = CH,AsO + 2 HCl 
CH,AsO + 2 H,O + Br, = CH,AsO-(OH), + 2 HBr 


Methyl arsenic acid forms acicules with a melting point of 159°C. It is also obtained by the action of hydrogen 
peroxide on methyl dichloroarsine. 

Like all the halogenated arsines, gaseous ammonia converts it quantitatively into methyl arsinimide, CH3As=NH. 
This forms crystals which have an irritating odor and vesicant power and melt at 205°C. 

In dry ether solution, methyl dichloroarsine does not react with magnesium, though in presence of water the 
reaction is violent: methyl arsine, hydrogen, methane and a compound, (CH3As)x, are formed. Zinc reacts similarly. 
With hydrogen sulfide, methyl arsenious monosulfide is formed (Bayer): 


CH,AsCl, + H,S = CH,AsS + 2HCl. 


This compound forms acicular crystals or small prisms with melting point 110°C. A detection reaction for the 
primary arsines is based on this sulfide formation. 

Aqueous solutions of methyl dichloroarsine reduce ammoniacal silver nitrate solutions (Nametkin). 

Methyl dichloroarsine reacts with acetylene in presence of anhydrous aluminum chloride, forming a mixture of: 
(i) beta-chlorovinyl methyl chloroarsine of the formula, 


cl 
CHAS 
H-CH - Cl 


This is a liquid with a boiling point of 112° to 115°C. at 10 mm. mercury pressure, which behaves chemically in a 
similar manner to methyl dichloroarsine. It has a lesser irritant power, but has a vesicant action on the skin, 
producing blisters which are difficult to heal. 

(ii) )BB'-dichlorovinyl methylarsine, 


— C. 
*” \CH=CHCI 


.. aliquid, with b.p. 140° to 145°C. at 10 mm. mercury pressure, having physiopathological properties similar to 
the preceding. 

Dry methyl dichloroarsine does not attack iron or zinc (Prentiss). 

The lower limit of irritation is 2 mgm. per cu. m. of air (Muller). 

The maximum concentration which a normal man can breathe for a period not greater than 1 minute is 25 mgm. per 
cu. m, of air (Lustig). The lethal index is 3,000 according to Muller and 5,600 for 10 minutes' exposure according 
to Prentiss. 

The vapors of these substances have a vesicatory action of the same type as that of dichloroethyl sulfide. 


2. Ethyl Dichloroarsine (M.Wt. 175) 


Ethyl dichloroarsine was prepared by La Coste in 1881 by acting on mercury diethyl with arsenic trichloride: 
Cl 
2 AsCl; + Hg(C,H;), = 2 CHAS + HgCl, 


Tt may also be obtained by heating ethyl arsine in a closed tube with mercuric, arsenic, antimony or stannous 
chloride. 


C,H,AsH, + 2HgCl, = C,H;AsCl, + 2Hg + 2HCl, 


. .or by the decomposition of 10-ethyl-5, 10-dihydrophenarsazine with gaseous hydrochloric acid: 


C,H; 

6 

GH As(* “)NH +2 HCL = GyH,AsCl, + (Cis) NH 
CoH, 

Ethyl dichloroarsine was employed in March, 1918, by the Germans, being considered suitable for replacing 

dichloroethyl sulfide in offensive operations because of its immediate vesicant effect and its non-persistent 

character. 


LABORATORY PREPARATION 

Tn the laboratory, ethyl dichloroarsine may be obtained by the action of ethyl iodide on sodium arsenite by a 
method similar to that described already for the preparation of methyl dichloroarsine: 

In a wide-mouthed vessel A (see Fig. 16) of about 2 liters capacity. fitted with a mercury-sealed mechanical stirrer 
B, and a condenser C, 50 gm. of arsenious oxide a re dissolved in a sodium hydroxide solution containing 60 gm. 
NaOH and 500 ml. water. 

100 gm. ethyl iodide are added a n dt he stirrer started. The vessel is then heated in a water-bath for 2 hours, the 
bath being gradually raised to boiling. 


Fic. 16. 


The solution obtained is transferred to a distillation flask and heated in a brine bath. Ether, alcohol and excess ethyl 
iodide pass over, and then the residue is cooled and carefully neutralized with sulfuric acid (d. 1.84), 90 gm. methyl 
sulfate are added and the methyl iodide is distilled off on the water-bath.2 After adding 500 ml. concentrated 
hydrochloric acid (d. 1.19), the remaining liquid is quickly filtered through a pleated paper and a rapid current of 
sulfur dioxide is passed through the filtrate. 

The solution, which is at first colored, becomes almost colorless and an oily layer is deposited at the bottom of the 
flask. This is separated in a tap-funnel, dried over calcium chloride and distilled in vacuo. Yield 75-80% of 
theoretical. 

*As the formation of the ethyl arsenic acid and the succeeding chlorination of the ethyl arsenious oxide takes place 
in acid conditions, hydriodic acid, which is present in considerable quantity, can form ethyl diiodoarsine. In order 
to prevent this happening, the iodine is removed as methyl iodide by addition of dimethyl sulfate, which reacts, as 
discovered by WIELAND, in the following manner: 


OCH, CH; 
Nal + so,( = CH,I + SO, 
OCH, Na 


INDUSTRIAL MANUFACTURE 

American Method. In America, a similar method was employed for the manufacture of ethyl dichloroarsine to that 
already described for methyl dichloroarsine. It consisted essentially in treating sodium arsenite with diethyl sulfate, 
then with diethyl sulfate, reducing the product obtained with sulfur dioxide and then chlorinating with hydrochloric 
acid, 

German Method. The method employed in Germany during the war of 1914-18 for the preparation of this 
substance differs from the American method only in the employment of ethyl chloride instead of diethyl sulfate. 
The principal stages in the manufacture are as follows: 

(1) Preparation of the sodium salt of ethyl arsenic acid: 


ONa 
Na,AsO, + C,H,Cl = NaCl + C,H;-As ae 
a 


(2) Formation of ethyl arsenic acid: 


ONa OH 
ZO -4+2HCl = 2NaCl + CH-AsZO 
\ONa Cais NOH 


(3) Reduction to ethyl arsenious oxide: 


{OH 
ae + SO, = C,H;AsO + H,SO, 


C,H,As 


(4) Chlorination of the ethyl arsenious oxide: 


cl 
C,H,AsO + 2 HCl = H,O + CHAS” 


Into an autoclave of 300 liters capacity a solution of sodium arsenite is first introduced. This is obtained by treating 
100 parts of arsenious oxide with 300 parts of a 55% sodium hydroxide solution. The ethyl chloride is then added, 
in quantity 150 parts to each 100 parts of arsenious oxide, in three or four portions at hourly intervals. The reaction 
between ethyl chloride and sodium arsenite, which lasts for some 10-12 hours, needs a temperature of 90° to 95°C, 
and a pressure of 10-15 atmospheres. 

At the end of the reaction the ethyl alcohol formed from the ethyl chloride by hydrolysis is distilled off together 
with the excess of ethyl chloride, the residue being taken up again with water and transferred to a suitable vessel, 
where it is neutralized with sulfuric acid and reduced with sulfur dioxide while maintaining at 70°C. A heavy oil 
containing about 93% ethyl arsenious oxide is deposited. ‘To convert this into ethyl dichloroarsine it is placed in a 
lead-lined iron vessel and completely saturated with gaseous hydrochloric acid, maintaining the internal 
temperature at 95°C. meanwhile. This operation needs about 2 days. The product is distilled in vacuo until oily 
drops begin to come over. 

According to German claims, it is possible to obtain higher yields of ethyl dichloroarsine by this method than by 
the American method. 


PHYSICAL PROPERTIES 

Ethyl dichloroarsine is a mobile liquid with a characteristic odor which when highly diluted is reminiscent of fruit. 
It may be detected by this means at a concentration of 0.5 mgm. per cu. m. of air. It is colorless, becoming slightly 
yellow on exposure to air and light. It boils at ordinary pressure at 156°C. with decomposition, while at 50 mm. 
pressure it boils at 74°C. and at 11 mm. pressure distils unchanged at 435° C. Its melting point is 65°C. 

The specific gravity of ethyl dichloroarsine at 14°C. is 1.742, the coefficient of thermal expansion 0.0011 and the 
density of the vapor six times that of air. 

The volatility of ethyl dichloroarsine is lower than that of methyl dichloroarsine (Herbst): 


TEMPERATURE VOLATILITY 
*C. mgm./cu, m. 

° 6,510 

20 20,000 

25 27,200 


The vapor pressure at 21.5°C. is 2.29 mm. of mercury. It is readily soluble in the organic solvents: alcohol, ether, 
benzene, acetone, cyclohexane. It also dissolves in water (1 gm. per 1,000 ml. of water), hydrolysis taking place. 


CHEMICAL PROPERTIES 
The chemical behavior of ethyl dichloroarsine is similar to that of methy! dichloroarsine. 
Water. Water hydrolyses dichloroarsine as follows: 

C,HsAsCl, -+- H,O = C,H,AsO + 2HCl. 
The velocity of the hydrolysis is approximately equal to that of methyl dichloroarsine. The ethyl arsenious oxide 
which forms is a colorless oil, with a nauseating, garlic-like odor, but without vesicant action, which rapidly 
oxidizes in the air to form colorless crystals. Its specific gravity is 1.802 at 11°C, it boils at 158°C. at 10 mm. 
mercury pressure and is soluble in benzene, ether and acetone. 
Nitric Acid. By prolonged heating of ethyl dichloroarsine with dilute nitric acid, acicular crystals of ethyl arsenic 
acid, 
melting at 95° to 96°C. (Dehn) or 99° to 100°C. (Backer) and soluble in water and alcohol, are formed. 
Hydrogen Peroxide. Like nitric acid, hydrogen peroxide converts ethyl dichloroarsine into ethyl arsenic acid 


(Backer): 
{OH 
C,H,AsCl, + 2H,O, = CHASEO +2HCI+0 


Sodium Iodide. Ethyl dichloroarsine reacts with sodium iodide in acetone solution to form ethyl diiodoarsine: 
C,H,AsCl, + 2NaI = C,H,AsI, + 2NaCl. 


.. an oily, yellow liquid, boiling at 126°C. at 11 mm. pressure. On cooling with solid carbon dioxide a crystalline 
mass forms which melts at —9°C. 

Hydrogen Sulfide. By the action of hydrogen Sulfide in aqueous or alcoholic solution on ethyl dichloroarsine, ethyl 
arsenious sulfide separates: 


C,H,AsCl, + HS = C,H,AsS + 2HCL. 


This is a yellow oil which is soluble in chloroform and carbon disulfide and has a density of 1.8218 at 17°C. 
This reaction with hydrogen sulfide may be used for the detection of small quantities (0.02-0.05 mgm.) of ethyl 
dichloroarsine. 

Calcium Hypochlorite. Ethyl dichloroarsine is easily decomposed by calcium hypochlorite, either solid or in 
aqueous suspension. Because of this property, chloride of lime is employed for the decontamination of objects 
contaminated with ethyl dichloroarsine. 

Ethyl dichloroarsine, when dry, does not attack iron even at a temperature of 50°C. It corrodes brass strongly, 
however. 

During the war of 1914-18, it was employed both alone and mixed with other substances. The two mixtures most 
commonly employed were: 

(a) Dichloromethyl ether 18%, ethyl dichloroarsine 37%, ethyl dibromoarsine 45%. 

(b) Dichloromethyl ether 20%, ethyl dichloroarsine 80%. 

The minimum concentration capable of perceptible irritant action is 1.5 mgm. per cu. m. of air according to 
Lindemann. The maximum concentration supportable by a normal man for up to 1 minute is 5.10 mgm. per cu. m. 
(Lustig). The mortality index is 3,000 according to Muller; according to Prentiss it is 5,000 for 10 minutes’ 
exposure and 3,000 for 30 minutes’ exposure. 

This substance, like methyl dichloroarsine, has a vesicant action on the skin, which, according to Strughold,3 is 
perceptible at a concentration of | mgm. per sq. cm. of skin. 


3. The Chlorovinyl Arsines (Lewisite) 

The study of the action of acetylene on arsenic trichloride which, according to Lewis, was started in America in 

1904 (Griffin), was recommenced during the last war almost simultaneously by German, American and English 

chemists. 

These studies have shown that arsenic trichloride does not react with acetylene, even when heated to boiling, but 
mixed with aluminum chloride it absorbs a considerable quantity of acetylene with development of heat. 


In this reaction, a brown oil is formed which consists of a mixture of the following three compounds: 


/ CHCI-CHCI-AsCl, CHCI-CHCI-AsCl, 
alt CHC-CHCI-AsCl , AIZCHCI-CHCI 
) sCl 


CHCl -CHCI-AsCl, Ve - 
HCI-CHC1 


set CHCCHC, 
ECHCI-CHCI> 
AN CHEE <Ha7 


. which are readily hydrolyzed to give the following three substances: 


CI-CH=CH—AsCl,  (CI-CH=CH),AsCl__ (CI-CH=CH), As 
chloro viny] dichloro vinyl trichloro vinyl 
dichloroarsine chloroarsine arsine 
In this mixture trichlorovinyl arsine always predominates and this substance has only a minor interest as a war gas, 
for its toxicity is low. Chlorovinyl dichloroarsine, which, besides its irritant action on the respiratory passages, also 
has a vesicant action similar to that of dichloroethyl sulfide, is of much greater importance. The resemblance in the 
properties of these two substances has been attributed to the presence of the two similar groups: 


Cl—CH,—CH,— 
and ClI—CH=CH—. 
Later, various other compounds were prepared and examined for possible employment as war gases. These are 
similar in constitution to the chlorovinyl arsines and are prepared similarly: 
Beta-Bromovinyl dibromoarsine (b.p. 140° to 143°C. at 16 mm. mercury pressure) was prepared by Lewis and 
Stiegler by the action of acetylene on arsenic bromide mixed with aluminum chloride: 
Br 
CH=CH + AsBr, = Br-CH-CH-As( 
Br 
beta-Chlorostyryl dichloroarsine (b.p. 108° to 110°C. at 12 mm.) was obtained by Hunt and Turner by acting on 
arsenic trichloride with phenylacetylene: 


C,H c-cH-As(— 
—C= —AS' 
aa i Cl 


beta-Chlorovinyl methyl chloroarsine (b.p. 112° to 115°C. at 10 mm. mercury pressure) was obtained by Das 
Gupta, by the action of acetylene on methyl dichloroarsine in the presence of anhydrous aluminum chloride: 


Phenyl-beta-chlorovinyl chloroarsine (b.p. 140° to 150°C. at 10 mm. mercury pressure) was obtained by the 
reaction of acetylene with phenyl dichloroarsine in the presence of aluminum chloride: 
Cl-CH=CH-As 
oH, 
All these compounds, like the chlorovinyl arsines, are oily substances, somewhat yellow in color, with extremely 
unpleasant odors. Their aggressive properties are still rather indefinite with the exception of beta-chlorovinyl 
methyl chloroarsine, which does not irritate the nasal tissues like the chlorovinyl arsines, but produces blisters on 


the skin which heal only with difficulty. 
Several compounds obtained by the action of ethylene on arsenic trichloride have also been prepared. 


Such, for example, is ft chloroethyl dichloroarsine: 
Cl 
Cl-CH,—CH,-As( 
Cl 


This is a liquid with a boiling point of 93° to 94°C. at a pressure of 16 mm. of mercury which is both irritant and 
vesicant in its action. In the liquid condition, it penetrates linen and rubber; in the vapor state, at concentrations 
which can be obtained in practice, it has no action on the human skin. 


PREPARATION OF THE CHLOROVINYL ARSINES 

The mixture of the three chlorovinyl arsines is obtained, as indicated above, by the action of acetylene on arsenic 
trichloride. 

Beta-Chlorovinyl dichloroarsine may also be obtained by the reduction of a hot solution of beta-chlorovinyl arsenic 
acid which has been acidified with hydrochloric acid, by means of sulfur dioxide, hydriodic acid being employed as 
a catalyst. Another method of preparation is to heat a mixture of arsenic trichloride and trichlorovinyl arsine in a 
closed tube at 220°C. for 4 hours. 

The following reaction takes place: 


(CICH=CH),As + 2AsCl, > 3CICH = CHASCI,. 


LABORATORY PREPARATION 

In the laboratory, the preparation of the chlorovinyl arsines may be carried out by condensing arsenic trichloride 
with acetylene in presence of aluminum chloride. The apparatus used is shown in Fig. 17. 45 gm. arsenic trichloride 
are placed in the vessel A, together with 15 gm. anhydrous aluminum chloride. 

While stirring and cooling with water, 6-8 liters of acetylene, which have been passed first through a sulfuric acid 
wash bottle and then through a calcium chloride column C, are bubbled in. The reaction is accompanied by the 
evolution of heat, and the mixture should be cooled in order to maintain the temperature between 30° and 35°C. 
When the acetylene has been added, the reaction mixture is poured slowly into 200 ml. hydrochloric acid cooled to 
about 0°C. An oily layer forms and this is separated and fractionally distilled at reduced pressure (20-30 mm.). The 
arsenic trichloride which has not reacted distils first and then the chlorovinyl arsines as follows: 


First fraction . go° to 105°C. chlorovinyl dichloroarsine. 
Second fraction . 125° to 140° C. dichloroviny] chloroarsine. 
Third fraction . 145° to 160° C. trichlorovinyl arsine. 


Fic. 17. 


Preparation of Chlorovinyl Dichloroarsine and Dichlorovinyl Chloroarsine from Trichlorovinyl Arsine. 80 gm. 
trichlorovinyl arsine and 66.2 gm. arsenic trichloride are placed in a thick-walled glass tube which is then sealed in 
the flame. The tube is placed in an outer tube of steel, covered with asbestos, and the whole heated for 4 hours at 
220° to 250°C. After allowing to cool, the glass tube is opened at the end and the oily contents distilled under 
reduced pressure. The products obtained are as follows: 


56 gm. chloroviny] dichloroarsine. 
80 gm. dichlorovinyl chloroarsine. 


INDUSTRIAL MANUFACTURE 

The process used in America for the manufacture of the chlorovinyl arsines may be summarized as follows: 

6.3 kgm. arsenic trichloride and 1.16 kgm. aluminum chloride are placed in a 2-gallon enamelled autoclave, and 
while they are continually stirred, a current of acetylene which has been dried with sulfuric acid and calcium 
chloride is bubbled in. The quantity of acetylene used is measured by means of a rotary gas-meter; it is in 
equimolecular amount with the arsenic trichloride. During this operation the temperature slowly rises from 25° to 
30°C. initially to 40° to 45°C, but it should in any case be kept below 60°C. When all the acetylene has been 
absorbed (about 2 hours) the product is separated by washing first with 20% hydrochloric acid, which extracts the 
arsenic chloride, and distilling the residue. This is carried out in a special cast-iron still of about 1 gallon capacity. 
The distillate is then fractionally distilled once more under reduced pressure to separate the three chlorovinyl 
arsines. 


PHYSICAL AND CHEMICAL PROPERTIES 

The three chlorovinyl arsines are colorless liquids at ordinary temperatures and, if pure, are stable. In presence of 
small quantities of arsenic trichloride, however, they become violet or brown in time, and the speed of this change 
as well as the final color seems to depend on the quantity of arsenic chloride present. 

They have high boiling points (190° to 260°C), but on heating at ordinary pressure easily decompose. Chlorovinyl 
dichloroarsine is thus decomposed into dichlorovinyl chloroarsine and arsenic trichloride, dichlorovinyl 
chloroarsine into chlorovinyl dichloroarsine and acetylene, etc. This behavior supports the belief that an 
equilibrium exists between the three chlorovinyl arsines and their components, acetylene and arsenic trichloride. 
The hypothesis is confirmed by the observation that from the reaction between acetylene and arsenic trichloride, it 
is not possible to produce any one of these compounds solely; a mixture of all three is always obtained. 

They are sparingly soluble in cold water or in dilute acids, but all—except trichlorovinyl arsine, which is insoluble 
in aleohol—dissolve readily in alcohol, benzene, kerosene, olive oil, petrol and other organic solvents. 
Chemically, they are unsaturated and unstable compounds. 

As Conant has pointed out, t he y all have a chlorine atom attached to th at carbon of th e vinyl group which is 
not adjacent to the arsenic atom. The following are therefore their correct names: 


B chloroviny] dichloroarsine. 
Bp’ dichloroviny] chloroarsine. 
8B’B” trichlorovinyl arsine. 


(a) beta-Chlorovinyl dichloroarsine (M.Wt. 207.3) 


Gt = ts 
Na 


PHYSICAL PROPERTIES 

Chlorovinyl dichloroarsine when pure is a colorless liquid which boils a t ordinary pressures at 190°C, with 
decomposition. 

At reduced pressure, however, it distils unchanged at the following temperatures: 


MM, PRESSURE BP. °C, 
30 96-98 (Lewis and Perkins) 
24 93-04 (Burton and Gibson) ‘ 
15 79 (Lewis and Perkins) 
I2 77-78 (Wieland) 
Io 76 (Gibson and Johnson) 
10 72 (Lewis and Perkins) 


The melting point is +0.1°C. according to Gibson and Johnson, —13°C. according to Nekrassov, and —18.2°C. 
according to Libermann. 

The odor of this substance recalls that of geraniums and is perceptible even at a dilution of 14 mgm. per cu. m. of 
air (Prentiss). 


In the following table t h e specific gravity and corresponding specific volume are given at various temperatures: 
Temperature (° C.) S.G. Specific Volume 
° | I'9200 0°5232 
10 I°9027 0°5255 
15 1°8940 0°5279 
20 18855 0°5302 
25 18768 0°5328 
30 18682 0°5352 
40 18513 0°5401 
50 18338 0'5453 
60 18164 0°5505 
The vapor tension of beta-chlorovinyl dichloroarsine at temperature t may be calculated from the formula. 
2781.69 
log Pp = 9.123 273 +1 
In the following table are given the values of the vapor tension at various temperatures: 
Temperature Vapour Tension 
Cc. MM. MERCURY 
co) 0°087 
Io 0-196 
20 0°394 
30 0-769 
40 1-467 
50 2°679 
75 9°66 
100 32°50 
I50 I75'0 
175 487-6 
Following are the values of the volatility of beta-chlorovinyl dichloroarsine: 
°C. MGM. PER CU. M. 
0 1,000 
20 2,300 
40 15,600 


The latent heat of vaporization is 57.9, the mean coefticient of thermal expansion between 0°C. and 50°C. is 
0.00094 and the vapor density is 7.2. 

It is readily soluble in benzene, absolute alcohol, olive oil, kerosene and other organic solvents. It is sparingly 
soluble in water (about 0-5 gm. in 1,000 ml.). 


CHEMICAL PROPERTIES 

Owing to the unsaturated character of the molecule and the presence of two chlorine atoms attached to the arsenic 
atom, this substance is highly reactive. 

Water. In contact with water, or with a damp atmosphere, beta-chlorovinyl dichloroarsine is rapidly decomposed 
even at ordinary temperatures, the following reaction taking place: 


1 
CLCH-CH-As(~ 
Cl] 
The degree of hydrolysis is notably increased by an increase in the temperature. The chlorovinyl arsenious oxide 
formed is a white, crystalline powder, sparingly soluble in water, alcohol and carbon disulphide and melting at 
143°C. 


Hi 
ra eo = 2HCl + Cl-CH-CH-As-o 


This oxide is also formed on treating beta-chlorovinyl dichloroarsine with aqueous ammonia solution: 


CICH=CHAsCl, + NH,OH = CICH=CHAsO + NH,Cl + HCl. 


Alkalies. Alkalies completely decompose the molecule. Green and Price have shown that on adding even very 
dilute cold solutions of sodium hydroxide or carbonate, chlorovinyl arsenious oxide is never obtained, but acetylene 
and arsenious acid, as follows: 


cl 
CLCH-CH-As( | + 6 NaOH = Na,AsO, + 3 NaCl + C,H, + 3 H,O 


When a 15% sodium hydroxide solution is employed at temperatures below 37°C, this decomposition takes place 
quantitatively, and only in the case of beta-chlorovinyl dichloroarsine. 

This fact may be used for the quantitative determination of beta-chlorovinyl dichloroarsine in presence of 
dichlorovinyl chloroarsine and trichlorovinyl arsine (Lewis). 

Halogens. The halogens readily react with chlorovinyl dichloroarsine. Thus on adding a dilute solution of bromine 
in carbon tetrachloride to a solution of beta-chlorovinyl dichloroarsine in the same solvent, the color of the bromine 
gradually disappears while small lamellae of a bromo-derivative separate. This melts at 122°C, and its formation 
has been suggested by Green and Price as a means of detecting chlorovinyl dichloroarsine. 

Nitric Acid. Chlorovinyl dichloroarsine, when treated with nitric acid, is oxidized to beta-chlorovinyl arsenic acid, 


i 
Vou 


If concentrated nitric acid is employed, this oxidation is very violent and it is necessary to cool the reaction 
mixture. On the other hand, when dilute nitric acid is employed it is necessary to warm it in order to carry out the 
reaction. On standing, a colorless crystalline mass separates; this is beta-chlorovinyl arsenic acid which may be 
purified by recrystallization from a mixture of acetone and carbon tetrachloride. It forms needles, melts at 130°C. 
and is soluble in water and alcohol. 

On warming this acid with a concentrated sodium hydroxide solution it is completely decomposed into acetylene, 
arsenic acid and hydrochloric acid: 


Cl-CH=CH-As= 


CL-OH=CH-ALO + 3NaOH = Na,AsO, + C,H, + HCl + 2 H,0 
When it is heated in vacuo to 110° to 115°C, the acid loses a molecule of water and forms the corresponding 


anhydride: 
_cH-cH-As(” 
Cl = Ke 


This anhydride is a white hygroscopic powder which decomposes violently at 242°C. 
Hydrogen Peroxide. Chlorovinyl dichloroarsine reacts with hydrogen peroxide forming chlorovinyl arsenic acid, as 
with nitric acid: 


Cl-CH=CH-AsCl, + 2 H,0, = a 
= CLCH- CHASCO 4+2HC1+0 


Potassium Iodide. Potassium iodide reacts with beta-chlorovinyl dichloroarsine with evolution of heat and 
formation of beta-chlorovinyl diiodoarsine: 


I 
I 


This iodo-derivative forms yellowish-brown crystals, m.p. 37.5° to 38.5°C. It is sparingly soluble in ligroin, but 
readily in alcohol and benzene. 


CL-CH-CH-As( 


Hydrogen Sulfide. By the action of hydrogen sulfide on beta-chlorovinyl dichloroarsine in alcohol solution, the 
corresponding sulfide, CICH=CHASS, is formed. When pure, this forms a plastic mass insoluble in the usual 
organic solvents except carbon disulfide. It has a strong irritant action on the organism. 

A method of detecting chlorovinyl dichloroarsine is based on the formation of this sulfide. 

Diphenylamine. Chlorovinyl dichloroarsine reacts on heating with diphenylamine to form 10-chloro-5,10-dihydro 
phenarsazine: 


CICH=CHASCl,+-(CsH;)3NH = NH(C,H,),AsCl-+CH,=CHCl-+ HCl 


. in canary-yellow crystals with melting point 191° to 193°C. Pure beta-chlorovinyl dichloroarsine when kept in 
glass vessels is stable at ordinary temperatures, particularly in absence of light, while in presence of iron it is slowly 
converted into dichloroviny] chloroarsine and trichlorovinyl arsine. 

It does not attack steel appreciably and when stored in projectiles causes only a slight superficial rusting of the 
metal walls. However, it attacks lead slightly and is itself partially decomposed. 

Beta-Chlorovinyl dichloroarsine has an irritant action on the eyes and on the respiratory tract. The minimum 
concentration causing irritation is 0.8 mgm. per cu. m. of air ; that is to say, less than can be detected by odor 
(Prentiss). The fatal concentration, according to Vedder, is 48 mgm. per cu. m. for 30 minutes' respiration. It also 
has a considerable vesicant action when allowed to remain in contact with the skin for a time. 

The lethal index is 1,500 according to Muller, and 1,200 for 10 minutes' exposure according to Prentiss. 

(b) BB'-Dichlorovinyl Chloroarsine (M.Wt. 233.3) 


Cl_CH=CH 
NAs—Cl 

Cl-CH=CH” 
PHYSICAL PROPERTIES 


When pure, Bp'-dichlorovinyl chloroarsine is a clear transparent liquid of a yellow or yellowish-brown color. It 
boils at ordinary pressure at 230°C. with decomposition. The boiling points at reduced pressures are as follows: 


MM. MERCURY 6. 
II 113 
15 II9g 
30 136 


The specific gravity at 20°C. is 1.702, and the vapor density 8.1. 
The vapor tension of Bf'-dichlorovinyl chloroarsine may be calculated at any temperature t from the formula. 


3295.3 
273 +1 


This substance is insoluble in dilute acids, but dissolves readily in alcohol and the common organic solvents. 


log p = 9.983 — 


CHEMICAL PROPERTIES 

Like the preceding compound, this also shows great chemical reactivity owing to the unsaturated character of the 
molecule: 

Water, Water hydrolyses it even at ordinary temperatures (Lewis and Perkins), the corresponding oxide being 
formed: 


2(CICH = CH),AsCl -+ H,O = (CICH = CH),As,0 + 2HCL. 


This forms crystals melting at 62° to 63°C, insoluble in water, sparingly soluble in cold alcohol, but soluble in hot 
alcohol, and in ether. 

Alkalies. The alkalies decompose dichlorovinyl chloroarsine completely, forming acetylene and arsenious acid. 
This reaction, unlike the corresponding one with chlorovinyl dichloroarsine, takes place only above 37°C. and is 
never quantitative. 

Nitric Acid. By the action of concentrated nitric acid on BB'-dichlorovinyl chloroarsine a crystalline product is 
obtained which melts at 97° to 99°C.; this is the nitrate of BB'-dichlorovinyl arsenic acid: 
(CICH=CH):AsOOH.HNOs. This compound apparently does not ionize in solution, but when dissolved in aqueous 
alcohol and treated with sodium hydroxide solution until the nitric acid is neutralized, decomposition takes place. 
On extracting with chloroform and evaporating the extract, a crystalline mass remains which consists of 
dichlorovinyl arsenic acid (Mann and Pope), (CHCI=CH)2,AsOOH. This is purified by recrystallization from water 


or carbon tetrachloride, when it melts at 120° to 122°C. Like cacodylic acid, it is amphoteric, forming salts with 
acids as well as with bases. 

According to Green and Price this reaction with nitric acid may be employed very conveniently for the 
identification of dichlorovinyl chloroarsine. 

Hydrogen Peroxide. This arsine also is vigorously oxidized by hydrogen peroxide (Wieland). After evaporating the 
solution, dichlorovinyl chloroarsine remains as an oil which solidifies after a time. It crystallizes from hot water in 
brilliant prisms which melt at 120° to 122°C. 

Potassium Cyanide. When an alcoholic solution of Bf'-dichlorovinyl arsine is treated with potassium cyanide, it is 
converted into Bf'-dichlorovinyl cyanoarsine, (CICH=CH)2AsCN, which is a colorless oil with a high toxicity 
(Libermann). 

Hydrogen Sulfide. When hydrogen sulfide is passed into a solution of dichlorovinyl chloroarsine in absolute 
alcohol an exothermic reaction takes place and dichlorovinyl arsenious sulfide is formed: 


(CICH = CH),As—S—As(CH = CHCI),. 


This is a viscous, yellowish-brown substance, soluble in alcohol, insoluble in water, having vigorous irritant 
properties on the mucous membranes and a nauseating odor (Lewis). 

Chloramine-T. Treatment of dichlorovinyl chloroarsine with an equivalent amount of chloramine-T (CH;=Cy>Hy— 
SO.Na=NCI) 

produces no additive-compound, unlike trichlorovinyl arsine. 

The biological action of dichlorovinyl chloroarsine is similar to that of chlorovinyl dichloroarsine, but less violent. 
(c) Bp’B”-Trichloroviny] arsine (M.Wt. 259-4) 


(CICH = CH),As. 


PHYSICAL PROPERTIES 

Bp’ B’-Trichlorovinyl arsine boils at atmospheric pressure at 260°C. with decomposition, but distils unaltered at 
138°C. at 12 mm. pressure. On cooling. it solidifies in large crystals with m.p, 21.5°C. It has a specific gravity at 
1.572 at 20°C. and has a vapor density of 9. 

The vapor tension at temperature ¢ may be calculated from the following formula. 


3312.4 
273 +1 


It is not miscible with water or with dilute acids, but dissolves readily in the common organic solvents except 
alcohol. It differs in this respect from the other two chlorovinyl arsines which are both soluble in all proportions in 
alcohol. This, and its melting point, may be used for its detection. 


log = 9.159 — 


CHEMICAL PROPERTIES 

Water. Trichlorovinyl arsine does not react with water and may be distilled in steam without any decomposition. 
Halogens. On adding a solution of bromine in benzene to a benzene solution of trichlorovinyl arsine, cooled in a 
freezing mixture, small colorless needles separate, melting at 107°C. 

They consist of trichlorovinyl dibromo arsine (Mann and Pope): 


Br 
( C1-CH-CH),As( 


On treating this dibromo compound with hydrogen sulfide, it decomposes to form hydrobromic acid and 
trichlorovinyl arsine and deposit sulfur: 


Br H 
(CL-CH=CH),As( 4. - — (CLCH-CH),As + $ + 2 HBr 
T 


Nitric Acid. Concentrated nitric acid reacts vigorously with trichlorovinyl arsine, and in order to moderate the 
violence of the reaction, it is advisable to treat a small quantity of trichlorovinyl arsine (not more than 2 gm.) with 
an equal volume of nitric acid and warm cautiously. On allowing to cool, a colorless crystalline mass is deposited 
and when this is crystallized from chloroform, small needles, melting at 103°C. are obtained. 


This substance is trichlorovinyl hydrox yarsonium nitrate. 


OH 
(CLCH=CH)AS( 


3 
When this nitrate is treated with an aqueous solution of sodium hydroxide in equivalent quantity, the product 
extracted with chloroform and the solvent evaporated, a crystalline residue remains. This consists of trichlorovinyl 
arsenic oxide (CICH=CH);AsO. On crystallizing this from benzene containing a little chloroform, long colorless 
needles are obtained melting at 154°C. with decomposition (Mann and Pope). 
Chloramine-T. This tertiary arsine condenses with chloramine-T (CH;—C,H;—SO2Na : NCI) to give an additive 
compound of the formula (CICH=CH);As=N—SO2—C¢H.—CH. This contains the grouping, 

> As = N— 
.. .Which according to Mann and Pope may be termed the "arsilimine " group, by analogy with the sulphilimine 
group, 
This compound may be obtained by treating an acetone solution of the tertiary amine (1 molecule) with 
chloramine-T (1 molecule) and boiling for 20 minutes. The product is filtered, the nitrate evaporated to dryness and 
the residue crystallized several times from ether. Colorless plates, melting at 124°C. 


Unlike the previous two compounds, trichlorovinyl arsine has no irritant action on the skin or the respiratory 
organs. 


(B) AROMATIC ARSINES 
The aromatic arsines were first employed as war gases in July, 1917, by the Germans, and their use undoubtedly 
marked a considerable step in the progress of the chemical arm. 
These arsines differ from those of the aliphatic series which have just been described, by their physical and 
chemical properties, and by their method of employment, as well as by their biological action. They are solids or 
liquids with high boiling points, have very low vapor tensions, are quite resistant to heating and are only oxidized 
by atmospheric oxygen with difficulty. 
In order to obtain them sub-divided in the air they are employed dissolved in other war gases, or are filled into 
special containers so that they surround the bursting charge, or else are mixed with substances whose temperature 
of combustion is sufficiently high to cause the arsines to form a cloud (candles, generators, etc.). 
By these means disperse systems (aerosols) are formed in which the dispersed phase consists of extremely minute 
particles of the arsine. These remain suspended in the air for a considerable time and are not filtered out by 
activated carbon. 
Physiologically, these compounds have a lower toxicity than the aliphatic arsines. However, they act as energetic 
sternutators and irritants, even at very low concentrations. This action is produced immediately after 1-2 minutes' 
exposure to concentrations of 0.2-0.5 mgm. substance per cu. m. of air. 
During the war much diphenyl chloroarsine was employed. 
However, in May, 1918, it was largely substituted by diphenyl cyanoarsine by the Germans because of the superior 
physiopathological effects of the latter. Diphenyl cyanoarsine is considered as the most irritant substance employed 
during the war. 
Since the war several other substances similar to diphenyl chloroarsine have been the subjects of experiments. For 
instance, Diphenyl chlorostibine, white crystals melting at 68°C., and diphenyl cyanostibine, crystals melting at 
115° to 116°C. The biological action of these substances is similar to that of the aromatic arsines described in this 
chapter. 
Recently several arsenical derivatives of naphthalene have been prepared: 
Naphthyl methyl chloroarsine: 

CoH, 


CH; 


AsCl 


and Naphthyl methyl fluoroarsine: 


ions Ask 
CH, 


The biological properties of these have not been reported in the literature. 


1, Phenyl! Dichloroarsine (M.Wt. 223) 


cl 
C,H,—As~ 
Na 


Phenyl dichloroarsine was prepared in 1878 by La Coste and Michaelis by passing the vapors of benzene and 
arsenic trichloride through a heated tube. The product obtained was impure with the diphenyl compound and could 
be purified by distillation or crystallization only with some difficulty. The same workers later studied another 
method for its preparation. This is more convenient and consists in heating mercury diphenyl to 250°C. with an 
excess of arsenic trichloride. 

Phenyl dichloroarsine may also be obtained by heating triphenylarsine with arsenic trichloride in a closed tube to 
250°C. for 30 hours: 


As(CgH,)s + 2AsCl, = 3CgHgAsCl,, 


. . or by heating phenyl mercury-chloride with arsenic trichloride to 100°C. for 4-5 hours (Roeder and Blasi's 
method). 


LABORATORY PREPARATION 

Roeder and Blasi's method, mentioned above, is usually employed for the preparation. 50 gm. mercuric acetate are 
dissolved in 50 ml. acetic acid in a thick-walled flask. 100 ml. benzene, free from thiophene, are added and the 
mixture heated for 5 hours in a boiling water-bath. After cooling, the insoluble part is filtered off and washed well 
with benzene, and the nitrate is evaporated to a small volume. Phenyl mercury-chloride is thus obtained. 30 gm. of 
this are weighed into a flask, 100 gm. 

arsenic trichloride added and heated on the water-bath to 100°C. for 4-5 hours. A viscous suspension is formed first 
and then this is suddenly converted into a brown liquid, while crystals separate below. After filtration, the filtrate is 
distilled under reduced pressure. The excess of arsenic chloride passes over first and then, at a much higher 
temperature, the phenyl dichloroarsine. 


PHYSICAL PROPERTIES 

Phenyl dichloroarsine when pure is a colorless liquid which gradually turns yellow. At ordinary pressures it boils at 
255° to 257°C, and at 14 mm. pressure at 124°C. At -20°C. it solidifies to a microcrystalline mass. The specific 
gravity is 1.654 a t 20°C. 

Its vapor tension at temperature ¢ may be calculated from the formula: 


3164 
273 +# 


The vapor tension at 15°C. is 0.014 mm. and the volatility at 20°C. is 404 mgm. per cu. m. The coefficient of 
thermal expansion is 0.00073. 
It is insoluble in water, but easily soluble in the common organic solvents. 


log p = 9.150 — 


CHEMICAL PROPERTIES 
Water. Phenyl dichloroarsine on treatment with water is hydrolyzed to phenyl arsenious oxide: 


CgHyAsCl, + H,O = 2HCl + CgH,AsO. 


This forms crystals melting at 142°C. and is insoluble in water and ether but soluble in alcohol, benzene and 
chloroform. A polymer of phenyl arsenious oxide is also formed, probably a dirtier, of the formula, 


cat Ast?) As * C.Hs 


. ..which forms crystals melting at 210° to 220°C. 
Alkali Hydroxides. Phenyl dichloroarsine is also hydrolyzed by the action of alkali hydroxide solutions. 


The phenyl arsenious oxide in presence of excess alkali is converted to the salt of the corresponding phenyl 
arsenious acid: 


Na 
C,H,AsO + 2 NaOH = cas” + H,O 
ONa 


Halogens. With chlorine and pheny! dichloroarsine, an additive compound is formed, tetrachloro phenylarsine. This 
decomposes into phenyl arsenic acid in the presence of moisture. 

Bromine, however, forms no additive compound. By treatment of phenyl dichloroarsine with excess of bromine, 

the molecule is decomposed with formation of dibromobenzene, arsenic chlorobromide and hydrobromic acid, as 
follows: 


C,H, AsCl, + 2Br, = CgH,Br, + AsBrCl, + HBr. 


Ammonia. By the action of gaseous bromine on phenyl dichloroarsine in benzene solution, phenyl arsenimide is 
obtained: 


C,H, AsCl, + 3NH, = C,H,ASNH + 2NH,CL 


This forms crystals melting at 26.5°C. and decomposes rapidly with formation of phenyl arsenious oxide by the 
action of water or even on exposure to moist air: 


C,H,AsNH + H,O = C,H,AsO + NH,. 


Phenyl! arsenimide both dispersed in the air and in solution has a very irritant action on the skin. 
Amines. Primary and secondary amines, both of the aliphatic and aromatic series, react vigorously with phenyl 
dichloroarsine, giving compounds of the following types: 


7 per N(R), 
6245 Cl and CHAS 


.. and liberating hydrochloric acid. With aniline, for example, a compound of the following structure is formed: 


NHC,H, 
CyHAst * 


This is readily hydrolyzed by the action of moisture forming phenyl arsenious oxide and aniline hydrochloride. 
With diphenylamine, 10-chloro-5,10-dihydro phenarsazine is formed: 


C,H 

4 

CHASCl + NH(GH), = NH(™ “)AsCl + GH, + HCl 
C,H, 

With tertiary aliphatic amines, additive products are formed; triethylamine, for instance, forms: 


Hydrogen Sulfide. By the action of hydrogen sulfide on phenyl dichloroarsine in alcoholic solution, phenyl 
arsenious sulfide, CsHsAsS, is produced in crystals melting at 152°C., or 174° to 176°C. This reaction is very 
sensitive, and as the sulfide obtained is insoluble in water, its formation may be employed to detect small 
quantities of the arsine (0.05 mgm. in | ml. water). 

Silver Cyanide. By prolonged boiling (5 hours) of silver cyanide with phenyl dichloroarsine in benzene solution, 
phenyl dicyanoarsine, CsHsAs(CN)o, is formed as crystals with an odor which is both aromatic and also resembles 
hydrocyanic acid. It melts at 78.5° to 79.5°C , and is readily decomposed by water or even by damp air, with 
formation of phenyl arsenious oxide and hydrocyanic acid. 

Acid Chlorides. Phenyl! dichloroarsine, when treated with the aliphatic acid chlorides, e.g., acetyl chloride, in 
carbon disulphide solution and in presence of aluminum chloride, forms acetophenone and arsenic trichloride: 


C,H, AsCl, + CH,COCI = C,H,COCH, + AsCl,. 


With chloroacetyl chloride, chloroacetophenone is obtained: 
CgHgAsCl, + CICH,COCI = C,H,COCH,Cl + AsCl,. 


Dimethyl Arsine. With dimethyl arsine a white crystalline product, CsHsAsClo(CH3)2AsH, is formed, which is 
readily decomposed by the action of moisture. 

Diphenyl Arsine. By the action of diphenyl arsine on phenyl dichloroarsine, arsenobenzene and diphenyl 
chloroarsine are formed: 


4 CoH;AsCl, + 4 (CgHs),ASH = 
= 2 (C,H,-As=As—C,H, + 4 (C,H;):AsCl + 4 HCl 


Pure phenyl dichloroarsine does not attack iron. 

Phenyl dichloroarsine was employed during the war of 1914-18 first by the Germans as a solvent for diphenyl 
cyanoarsine and later by the French in admixture with 40% of diphenyl chloroarsine under the name of "Sternite." 
Phenyl dichloroarsine is a lung irritant, a vesicant and a lachrymatory. The maximum concentration which a normal 
man can support for not more than a minute is 16 mgm. per cu. m. of air (Flury). The mortality-product is 2,600 for 
10 minutes exposure (Prentiss). 


2. Diphenyl Chloroarsine (M.Wt. 2645) 
CH nN 
CoH” 


Diphenyl chloroarsine was prepared in 1880 by La Coste and Michaelis by heating mercury diphenyl with phenyl 
dichloroarsine: 


cl 
2 CoH As | + (CoH: Hg = 2 (CyHy)gAs-Cl + HgCl, 


As—Cl 


Its employment in September 1917 was a great surprise to the Allies because of its peculiar physical properties 
which enabled it, when properly dispersed in the atmosphere, to pass through the respirator-filters then in use. 


PREPARATION 
Diphenyl chloroarsine may be prepared in various ways: 
(1) By heating arsenic trichloride with benzene in presence of aluminum chloride: 


2C4H, + AsCl, = (C,H,)zAsCl + 2HCl. 


(2) By the decomposition of dichlorotriphenyl arsine, obtained by the action of chlorine on triphenyl arsine: 


1 
(CoDaAs | (CoH )eASCl + CyHACI 


(3) By the action of phenyl magnesium bromide on arsenious oxide. Triphenyl arsine is obtained at the same time. 
(4) By the reaction between phenyl dichloroarsine and diphenyl arsine: 


4 C.H,AsCl, + 4 (C,H;),AsH —> 4 (C,H;),AsCl + 
2 C,H;As=AsC,H, + 4 HCl 
(5) By the action of arsenic trichloride on lead tetraphenyl in toluene solution: 


AsCly + (CgHs),Pb = (CgHs),AsCl + (CgH,),PDbCI,. 


During the war the Allies, in order to obtain rapid production of diphenyl chloroarsine, followed the method of 
Michaelis, modified by Morgan and Vining. This method consists in preparing triphenyl arsine from chlorobenzene 
and arsenic trichloride, in the presence of metallic sodium: 


3C,H,Cl + AsCl, + 6Na = (C,H,),;As + 6NaCl, 


. .-and then heating this substance with more arsenic trichloride: 
2(C,H,),As + AsCls = 3(CgH,),AsCl. 


The Germans, however, used an entirely different process, based on the reaction between the diazonium salts and 
sodium arsenite which Bart had studied for the first time in 1912. 


LABORATORY PREPARATION 

The preparation of diphenyl chloroarsine in the laboratory is most conveniently carried out by Pope and Turner's 
modification of the method of Michaelis. 

57 gm. sodium cut into slices are placed in a round-bottomed flask fitted with a reflux condenser and covered with 
300 ml. benzene containing 1-2% ethyl acetate (which catalyses the reaction). After allowing this mixture to stand 
for J hour (in order to activate the metal) 136 gm. chlorobenzene and 85% arsenic chloride are slowly added. After 
a few minutes the reaction is considerably accelerated, and if necessary the flask should be cooled externally with a 
freezing mixture. It is then allowed to remain in the freezing mixture for 12 hours, being agitated during the first 2 
hours. The contents are then filtered, the precipitate washed with hot benzene and the combined wash-liquid and 
filtrate distilled until the thermometer reaches 200°C. A yellow oil remains, consisting of triphenyl arsine, and, on 
cooling, this solidifies. 

30 gm. of the triphenyl arsine obtained are weighed into a wide-mouthed vessel and heated to 350° to 360°C. while 
25.5 ml. arsenic trichloride are introduced drop by drop from a tap-funnel with a capillary outlet. A dark brown 
product is formed and on distilling this under reduced pressure, diphenyl chlororarsine is obtained. 


INDUSTRIAL MANUFACTURE 

The Allied Method. The manufacture of diphenyl chloroarsine by the Allies, as indicated above, consisted of two 
main stages: 

(a) The preparation of triphenyl arsine. 

(b) The conversion of the triphenyl arsine into diphenyl chloroarsine. 

(a) Preparation of Triphenyl Arsine. An attempt was at first made to use Michaelis's method for the industrial 
manufacture of triphenyl arsine, that is, the reaction of sodium with a mixture of arsenic trichloride and 
chlorobenzene to which a little ethyl acetate had been added to accelerate the reaction: 


3C,H,Cl + AsCl, + 6Na = (C,H,)3As + 6NaCl. 


Various difficulties were encountered in the industrial application of this method, but these were in great part 
resolved by the modifications suggested first by Morgan and Vining and then by Pope and Turner. 

The apparatus employed by Pope and Turner for the preparation of tripheny! arsine consists essentially of an iron 
reaction cylinder closed by an iron cover in which are fitted a thermometer, a mechanical agitator, a funnel, a 
condenser and a pipe connected with a vessel containing the sodium, which is covered with xylene. 

In order to prepare triphenyl arsine, the arsenic trichloride, the chlorobenzene and the xylene are first mixed in a 
separate vessel, and of this mixture a half is introduced into the reaction chamber after diluting with more xylene. 
The sodium container is heated to 110°C. and the reaction vessel is also warmed until it reaches about 70°C, when 
the fused sodium is added in small portions with constant stirring. 

After about 15 minutes the other half of the arsenic trichloride, chlorobenzene and xylene mixture is added. 

When all the sodium has been introduced, the agitation is continued until the temperature of the liquid tends to 
drop. At 60°C. it is filtered through a press, the filtrate being collected in a still where it is heated to 220° C. in 
order to remove the solvent and unreacted chlorobenzene. A liquid remains which on cooling solidifies to a bright 
yellow, crystalline solid consisting of triphenyl arsine. 

By this method large quantities of triphenyl arsine may be prepared in a relatively pure condition and in a short 
time. But on the other hand it is somewhat inconvenient to have to work with molten sodium, which tends to 
solidify in the funnel through which it is introduced. 

These inconveniences may be eliminated to a great extent by using Pope and Turner's modifications. The apparatus 
employed by these workers consists of a vessel fitted with a reflux condenser. 

The sodium, freed from grease, is placed in the same vessel to which is then added the arsenic trichloride and the 
chlorobenzene. 

Benzene is employed as the solvent instead of xylene; as this boils at 80°C. it maintains the temperature constant at 
the most favorable point for the reaction. 

By this method the reaction takes longer than by Morgan's method, but, on the other hand, it is easier to operate and 
gives a better yield of triphenyl arsine. 

(b) Conversion of Triphenyl Arsine into Diphenyl Chloroarsine. 


This conversion was carried out first by Michaelis and Weber by heating the triphenyl arsine with the calculated 
quantity of arsenic trichloride in a closed tube for 10 hours at 250°C. These workers showed that the conversion 
takes place in three distinct stages: 


cl 
a) (CHAS +2AsCl, = 3 CHAS 


6) 2(C,H)sAs + AsCl, = 3 (C,H,)zAsCl 
c) (C.Hs)sAs + CgH;AsCl, = 2 (CgH;)oAsCl 


. .which arrive at a stage of equilibrium. Morgan and Vining studied the reaction in order to find the optimum 
conditions for obtaining the highest yield of diphenyl chloroarsine. They proposed heating the mixture of triphenyl 
arsine and arsenic trichloride in a rotating autoclave at 250° to 280°C, with an internal pressure rising to 4.2-7 kgm. 
per sq. cm. (60-100 Ib. per sq. in.). After 2 hours the heating is stopped and the product distilled in a current of 
carbon dioxide at 20-30 mm. pressure. 

The following fractions are collected: 

First fraction, 150° to 190°C, consists of a mixture of phenyl dichloroarsine and diphenyl chloroarsine. 

Second fraction, 190° to 220°C, consists of diphenyl chloroarsine. 

Third fraction, 220° to 250°C, consists of triphenyl arsine and diphenyl chloroarsine. 

The residue consists chiefly of triphenyl arsine, which is extracted with chloroform and treated, after evaporating 
off the solvent, with phenyl dichloroarsine in an autoclave. About 60% of diphenyl chloroarsine is thus obtained. 
Pope and Turner have also determined the optimum conditions for carrying out this reaction. They recommend 
heating the triphenyl arsine in an open vessel to 350°C. and then allowing the arsenic chloride to enter from a tap- 
funnel terminating in a capillary tube. 

The yield of diphenyl chloroarsine by this method, which has the advantage of being carried out at ordinary 
pressure instead of in an autoclave, as is necessary in Morgan's method, depends predominantly on the time 
employed in adding the arsenic trichloride. 

The English and French, employing the method of Michaelis, modified by Pope and Turner, succeeded in obtaining 
a mixture containing 60-65% diphenyl chloroarsine and 35-40% phenyl dichloroarsine, which was employed 
without further treatment. 

German Method. The several steps in the manufacture by this method may be expressed as follows, according to 
Norris: 

(i) Preparation of diazobenzene chloride from aniline and nitrous acid: 


C,H,NH, + HNO, = 2H,O + C,H,N = NCL 
(ii) Reaction of diazobenzene chloride with sodium arsenite: 


{ONa 
CsH,;-N=N-Cl + Na,AsO, = CoHASEO + NaCl + N, 


. and formation of phenyl arsenic acid: 


H ws +2HCl = ¢ I +2N 
8**5 \ e245. \ 2 aCl 


. .the calculated quantity of sodium nitrite. When the diazobenzene hydrochloride has been prepared, a solution of 
sodium arsenite is slowly run in. This latter is prepared beforehand by dissolving arsenious oxide in an aqueous 
sodium hydroxide solution which contains sufficient alkali to neutralize all the acid in the diazo solution and 
sufficient arsenious oxide to be 20% in excess of the theoretical quantity. 20 kgm. copper sulfate are also added to 
the diazotization to accelerate the reaction. 

The mixture is stirred continuously and maintained for 3 hours at 15°C, when sodium phenyl arsenate is formed. 
This is neutralized with hydrochloric acid and filtered through a press in order to separate resinous substances 
which are formed. The phenyl arsenic acid in the nitrate is reduced to phenyl arsenious oxide by passing a current 
of sulfur dioxide through. A heavy oil deposits at the bottom of the vessel and this is removed by decantation and 
redissolved in 40° Be. sodium hydroxide solution. 

After diluting with 8 cu. m. of water, the solution is cooled to 15°C. and run slowly into another solution of 
diazobenzene chloride prepared as before. The sodium salt of diphenyl arsenic acid which is formed is slightly 


acidified with hydrochloric acid, the diphenyl arsenic acid filtered off and redissolved in 20°Be. hydrochloric acid 
(1 part of the arsenic acid requires 3 parts of hydrochloric acid) and the solution obtained is then run into an 

iron vessel, lined internally with tiles. Sulfur dioxide is then passed through for 8 hours while the temperature is 
maintained at about 80°C. Diphenyl chloroarsine then separates as an oil which forms a layer at the bottom of the 
vessel. It is separated off and dried in vacuo. 


PHYSICAL PROPERTIES 

Crude diphenyl chloroarsine is a dark brown liquid which gradually turns into a semi-solid viscous mass. 

In the pure state diphenyl chloroarsine forms colorless crystals which melt at 41°C. According to some authors it 
exists in two crystalline modifications, the stable one melting at 387° to 38.9°C. and the labile at 18.2° to 18.4°C. 
The labile modification is easily converted into the stable form. 

The boiling point at ordinary pressure in an atmosphere of carbon dioxide is 333°C.; at reduced pressures the 
boiling points are as follows: 


MM. MERCURY 26; 
5 161 (Steinkopf) } 

10 180 (Herbst) 2 

15 185 (Pope and Turner) 
20 193 » ” 
390 205 » ” 
55 224 ” ” 
102 245 » ” 


The vapor pressure of diphenyl chloroarsine at a temperature t may be calculated from the formula: 


88 
log p = 7-8930 — 37°". 
ne P= 8g 


In the following table the values of the vapor pressure are given at various temperatures: 


Temperature Vapour Tension 
"Gs MM, MERCURY 

oO 0-000I 

20 0*0005 

25 0:0007 

45 0:0036 

55 0°0074 

65 0-0146 

75 00275 


The volatility of diphenyl chloroarsine at ordinary temperatures is very low: at 20°C. it is 0.68 mgm. per cu. m., 
while at 98°C. it is 894 mgm. per cu. m. The specific heat is 0.217 calorie and the latent heat of volatilization is 
56.6 calories. 

It has a coefficient of thermal expansion of 0.00075 and a specific gravity at 40°C. (solid) of 1.363 and at 45°C. 
(liquid) of 1.358. 

It is only slightly soluble in water, 100 ml. dissolving less than 0.2 gm. However, it is readily soluble in carbon 
tetrachloride, phosgene, chloropicrin and phenyl dichloroarsine. In other solvents it dissolves in the following 
proportions: 


20 gm. in 100 ml. absolute alcohol 
50 " = kerosene 

100 7 2 benzene 
14 a > olive oil 


CHEMICAL PROPERTIES 
Water. Water hydrolyses diphenyl! chloroarsine, forming diphenyl arsenious oxide (m.p. 92.5° to 93.5°C.): 


2(CgH,)gAsCl + H,O = ((C,H,)2As],0 + 2HCl. 


According to several authors this reaction is slow at normal conditions of humidity, but is considerably accelerated 
when the arsine is brought into contact with aqueous or alcoholic solutions of the alkali hydroxides. 

This hydrolysis is accelerated by the presence of olive oil or turpentine. In the latter case, some oxidation to 
diphenyl arsenic acid takes place. 

Ammonia. With anhydrous ammonia and diphenyl chloroarsine in benzene solution, the following reaction takes 
place: 


(CgH,)gAsCl + 2NH, = (CeH,),AsNH, + NH,Cl. 


Diphenyl arsenamide forms needles melting at 53°C. It acts on the skin and on the mucous membranes both in 
solution and when dispersed in the air. On exposure to air, it is converted into diphenyl arsenious oxide (see above). 
Chlorine. By the action of a solution of chlorine in carbon tetrachloride on a solution of diphenyl chloroarsine in 
chloroform, diphenyl trichloroarsine is formed, as crystals melting at 189°C: 


/ Cl 
(C.Hs)2As x aI 


This trichloro- derivative on treatment with cold water forms first the chloride of diphenyl arsenic acid: 
(CgH,)eAsCl, + 2H,O = (C,H,),As(OH),Cl + 2HCl, 


. . which is rapidly converted into diphenyl arsenic acid. According to Meyer, diphenyl trichloroarsine has no toxic 
power. Chlorine water also oxidizes diphenyl chloroarsine to diphenyl arsenic acid. 

Bromine. Bromine, in chloroform solution, reacts with diphenyl chloroarsine also dissolved in chloroform, forming 
different products according to the amount of bromine: either diphenyl chloroarsine bromide, (CeHs)2AsC1.Bra, 
yellow needles melting at about 158°C, and soluble with partial decomposition in benzene; or diphenyl 
chloroarsine perbromide, (CsHs)2AsCl.Bry, orange-red prisms melting at 146° to 150°C. These halogenated 
derivatives lose the atoms of bromine which they contain on exposure to moist air. 

Nitric Acid. Diphenyl chloroarsine on heating to about 40°C. with concentrated nitric acid is oxidized to diphenyl 
arsenic acid, (Cs5Hs),AsOOH. This forms colorless crystals melting at 175°C. which are sparingly soluble in hot 
water, alkalies and alcohol. 

It is not decomposed by nitric acid, nor by boiling chromic acid. 

The copper and lead salts of diphenyl arsenic acid are very sparingly soluble in water, even at 100°C. Diphenyl 
arsenic acid dissolves in nitric acid, forming a nitrate of the formula: 


(C.H;),AsOOH.HNO,, 


Hydrochloric Acid. On boiling diphenyl chloroarsine with hydrochloric acid, arsenic trichloride and triphenyl 
arsine are formed, as follows: 


3(C,H,),AsCl = AsCl, + 2As(CgH;)5. 


Chlorosulfonic Acid. Diphenyl chloroarsine, on treatment with chlorosulfonic acid forms, besides benzene sulfonyl 
chloride, a chloride of diphenyl arsenic acid having the formula (CéHs)2AsOOH.HCI, which forms prisms and 
melts at 130°C. 

Fluorosulfonic Acid. This converts diphenyl chloroarsine into benzene sulfonyl fluoride and the sulfate of diphenyl 
arsenic acid, (Cs5Hs)2AsSOOH.H2SOy, melting at 117°C. 

Sodium Iodide. By the action of sodium iodide on diphenyl chloroarsine dissolved in acetone, diphenyl iodoarsine+ 
is obtained: 


(CgH,)gAsCl + NaI = (CeH,)AsI + NaCl. 


This forms brilliant yellow crystals with m.p. 40.5°C. (or, according to Blicke, 41° to 42°C), insoluble in water, 
difficultly soluble in cold alcohol, but readily soluble in hot alcohol, ether, acetone, benzene, etc. 

Hydrogen Sulfide. On bubbling sulphuretted hydrogen through an alcoholic solution of diphenyl chloroarsine, 
diphenyl arsenious sulfide is formed: 


2(CgH,)eAsCl -+ H,S = [(CeH,),As]2$ + 2HCI. 


This forms white acicular crystals at 67°C. It is readily soluble in benzene, carbon disulfide and chloroform, but 
sparingly in alcohol and ether. This sulfide may also be obtained by the action of sodium sulfide on diphenyl 
chloroarsine in benzene solution; on treatment with mercuric cyanide or silver cyanide, diphenyl cyanoarsine is 
obtained. 

Sodium Thiocyanate. By the action of sodium thiocyanate dissolved in acetone on diphenyl chloroarsine dissolved 
in the same solvent, diphenyl thiocyanatoarsine is formed, (CséHs)2»AsSCN, an oily, pale brown substance, which is 
miscible in all proportions with benzene and acetone and which decomposes with water, giving up the SCN group. 
It boils at 230° to 233°C. at 22-23 mm mercury pressure. It reacts quantitatively with sodium sulfide: 


2(CgH,)sAsSCN + Na,S = [(CgH,)sAs]oS + 2NaSCN. 
Sodium Alcoholate or Phenate. Sodium alcoholate and phenate react with diphenyl chloroarsine as follows: 


CgH,),AsCl + C,H,ONa = (C,H,),As0.C,H, + NaCl 
tote 2ASCl + C,H,ONa = (C,H,),As0.C,H, + NaCl 


Methyl Iodide. On heating diphenyl chloroarsine with methyl iodide to 100°C. in a closed tube, a mixture of 
diphenyliodoarsine and dimethyl diphenyl arsonium triiodide, (CH3)2(Cé6H3)2Asls, is obtained. 

Acyl Chlorides. When diphenyl chloroarsine is treated with one of the aliphatic acyl chlorides, like acetyl chloride, 
dissolved in carbon disulphide and in presence of aluminum chloride, acetophenone and arsenic trichloride are 
formed: 


(CoH,),AsCl + 2CH,COC] = 2C,H,COCH, + AsCl). 


Phenyl Arsines. When diphenyl chloroarsine is treated with (mono)phenyl arsine in an atmosphere of nitrogen or 
carbon dioxide, arsenobenzene and tetraphenyl diarsine are formed: 


4 (CoH;),AsCl + 2 CsH,AsH, — 
C,H,As=AsC,H, + 2 (C,H;),As—As(C,H;). + 4 HCl 


Tetraphenyl diarsine, or phenyl cacodyl, is also formed by the action of diphenyl arsine in ethereal solution on 
diphenyl chloroarsine. It forms crystals melting at 124° to 127°C. (Blicke). 

Chloramine-T, Diphenyl chloroarsine reacts with chloramine-T in presence of water to form diphenyl arsenic acid, 
which consists of needles melting at 175°C. 

When diphenyl! chloroarsine is heated, it remains unchanged until a temperature of 300° to 340°C. is reached, when 
it becomes dark brown and on analysis it is found to have decomposed slightly. 

It is not sensitive to detonation and may be employed in projectiles. It has no corrosive action on metals such as 
iron, lead, ete. 

Owing to its low vapor tension, it is necessary, in order to utilize it as a war gas, to disperse it in the air as an 
aerosol which contains a high proportion of particles of diameter about 10° to 10 * om. Such a fine state of 
subdivision can be obtained, according to Prentiss, either by spraying solutions of diphenyl chloroarsine in certain 
solvents, such as phosgene, phenyl dichloroarsine, etc., this method being employed during the war, or by 
dispersing it by means of explosive charges. In the latter case, the time of detonation is too short for an appreciable 
quantity of heat to be transmitted to the diphenyl chloroarsine, and the actual dispersion is mainly due to the 
physical force of the explosion. 

In order to attain the degree of subdivision of diphenyl chloroarsine, diphenyl cyanoarsine or phenarsazine chloride 
which has been mentioned above, it is first necessary to volatilize the substance by some method and then to allow 
the vapor to condense in the air. This is carried out by means of the so-called "irritant candles." 

Both in the solid state and the liquid state, and even in the form of vapor, diphenyl chloroarsine causes the 
formation of small vesicles on the skin. The minimum concentration causing nasal irritation is 0.1 mgm. per cu. m., 
according to Muller, and 0.5 mgm. per cu. m. according to Prentiss. The maximum concentration which a normal 
man can support for at most | minute is 1.2 mgm. per cu. m. (Flury and Zernick). The mortality-product is 4,000 
according to Muller, but Prentiss gives 15,000 for 10 minutes exposure. 


3. Diphenyl Bromoarsine (M.Wt. 309) 
CoHs 
CoH,” 


This substance was prepared in 1880 by La Coste and Michaelis, but was tested as a war gas only in the post-war 
period. 


AsBr 


PREPARATION 

According to Steinkopf it may be obtained in the laboratory by heating 35 gm. diphenyl arsenious oxide with more 
than 1 gram-molecule of hydrobromic acid to 115° to 120°C. for 4 hours. 

Industrially, diphenyl bromoarsine is prepared by methods similar to those described above for the preparation of 
the chloro-compound. That is to say, by the action of arsenic tribromide on triphenyl arsine at 300° to 350°C. or 
else by the diazotization method, using hydrobromic acid instead of hydrochloric acid. 


PHYSICAL AND CHEMICAL PROPERTIES 

Diphenyl bromoarsine forms white crystals and melts at 54° to 56°C. Its chemical properties are similar to those of 
diphenyl chloroarsine. 

Treated with a solution of chlorine in carbon tetrachloride, yellow crystals separate on cooling and these consist of 
bromodichloro diphenyl arsine, (CeHs)2AsCloBr, and melt at 109° to 116°C. 

By the action of bromine on diphenyl bromoarsine in chloroform, diphenyl tribromoarsine is formed. This has the 
formula (CsH;)2AsBr3, and forms yellow crystals which melt at 126°C. Excess of bromine forms the perbromide, 
(CoHs)2AsBrs, orange-red crystals which begin to melt at 115°C. 

Diphenyl bromoarsine has similar physiopathological properties to the corresponding chloro-compound, but a 
milder aggressive action. 


4. Diphenyl Cyanoarsine (M.Wt. 255) 


C,H 
EN ASCN 
Ca” 


Diphenyl cyanoarsine was first prepared by Sturniolo and Bellinzoni. 
It was employed as a war gas towards the end of the war (May, 1918) both alone and mixed with diphenyl 
chloroarsine. 


PREPARATION 
This substance was made during the war by heating potassium cyanide with diphenyl chloroarsine: 


(CyH,)pAsCl + KCN = (CgH,),AsCN + KCL. 


However, it was later discovered that this method of preparing diphenyl cyanoarsine had the disadvantage that the 
product is sensitive to alkaline reagents such as sodium or potassium cyanide. 

In the other methods worked out since the war, diphenyl cyanoarsine is prepared by treating diphenyl arsenious 
oxide with hydrocyanic acid, or by treating either diphenyl chloroarsine or diphenyl arsenious sulfide with the 
cyanide of a heavy metal. 

The reaction between hydrocyanic acid and diphenyl arsenious oxide may be carried out at the ordinary 
temperature or by treatment in a closed tube at 100°C. for 2 hours 4: 


[(CoH,)gAs],0 + 2HCN = 2(CgH,)AsCN + HO. 


The reaction with the heavy metal cyanides may be brought about either by treating diphenyl chloroarsine at 150° 
to 160°C. for 3 hours with dry, recently prepared silver cyanide, or by the treatment of diphenyl arsenious sulfide 
with mercuric cyanide for 2 hours at 160° to 200°C. 


LABORATORY PREPARATION 

The preparation of diphenyl cyanoarsine in the laboratory may be carried out by the action of potassium cyanide on 
diphenyl chloroarsine. 

4.5 gm. potassium cyanide are dissolved in 20-25 ml. water in a 100 ml. flask and 15 gm. diphenyl chloroarsine are 
added in small portions with continuous stirring. The reaction is exothermic and the flask should be cooled 
externally with water so as to maintain the internal temperature at 40° to 45°C. When the temperature commences 
to fall, the product is allowed to stand. An oil separates at the bottom of the flask and is washed with water and 
allowed to crystallize by cooling. The product obtained is further purified by distillation under reduced pressure. 
The yield of diphenyl cyanoarsine by this method is 80-90% of the theoretical. 

Steinkopf's method gives higher yields: 

10 gm. of diphenyl arsenious oxide and 6 gm. anhydrous hydrocyanic acid (i.e., five times the theoretical amount) 
are placed in a glass tube, which is then sealed in the flame. The mixture is then heated for 2 hours at 100° C. The 
residue is then extracted with ether after cooling. the ether distilled off and the product which remains fractionally 
distilled at reduced pressure (13-15 mm.). 


INDUSTRIAL MANUFACTURE 

In Germany, according to Norris, diphenyl cyanoarsine was prepared by treating diphenyl chloroarsine with a 
concentrated aqueous solution of potassium cyanide and heating to 60°C. A 5% excess of the cyanide was 
employed and the reaction mixture stirred continuously. 


PHYSICAL PROPERTIES 

Diphenyl cyanoarsine forms colorless prisms with an odor of mixed garlic and bitter almonds. It melts at 35°C. 
(Sturniolo), at 32° to 34°C. (McKenzie), at 31.5°C. (Steinkopf). It boils at 213°C. at 21 mm. mercury pressure and 
at 200° to 201°C. at 13*5 mm. At 760 mm. the boiling point is calculated from the vapor pressure curve to be 
377°C. The specific gravity is 1.45. 

The vapor pressure is very low and at 20°C. is only 0.0002 mm. mercury. The volatility at the same temperature is 
0.1-0.15 mgm. per cu. m. of air. 

Diphenyl cyanoarsine is sparingly soluble in water, but dissolves readily in alcohol, benzene, chloroform, ether and 
ligroin. 


CHEMICAL PROPERTIES 

Like diphenyl chloroarsine, diphenyl cyanoarsine is not very stable and its arsenic atom has a tendency to change 
from the trivalent to the pentavalent state. 

Water. Atmospheric moisture decomposes diphenyl cyanoarsine slowly, hydrocyanic acid and diphenyl arsenious 
oxide being formed: 


2(CgH,),AsCN + H,O = [(C,H,),As],0 + 2HCN. 
This decomposition takes place more rapidly with hot water, or with aqueous or alcoholic solutions of the alkalies. 
The conversion of diphenyl cyanoarsine into diphenyl arsenious oxide may be attained also by steam distillation. 
The oxide consists of crystals which are sparingly soluble in water, but soluble in alcohol, ether, chloroform; the 
melting point is 92° to 93°C. 
Chlorine. Diphenyl cyanoarsine in benzene solution is converted by chlorine into a compound melting at 115°C. 
which, according to McKenzie, appears to be anhydride of tetraphenyl tetrachloro arsenic acid, [(Cs6Hs)2AsCl]20. 
The reaction is as follows: 


(C,H,)eASCN + Cl, = (C,H,),As - CN: Cl, 
(C,H,),AsCN - Cl, + H,O = (C,H;,),AsCl, ‘OH + HCN 
2 (C,H,),AsCl, OH —» H,O + (C,H,),As « Cl,-O-Cl,As—(C,H,), 


This compound fumes in air and from its aqueous solution diphenyl arsenic acid separates on cooling. 

Oxidizing Agents. When diphenyl cyanoarsine, cooled in a water-bath, is treated with nitric acid, with 2% hydrogen 
peroxide or with bromine water, it is oxidized to diphenyl arsenic acid, (Cs6Hs)2AsOOH which forms acicular 
crystals melting at 175°C. The alkali salts of this acid are readily soluble; the iron compound is a white powder 
which decomposes on heating. 

Methyl Iodide. By the action of methyl iodide on diphenyl cyanoarsine, by heating in a closed tube for 6 hours at 
100°C, diphenyl methyl arsonium iodide and triiodide are obtained. 


The latter crystallizes in violet needles which melt at 69°C. and are insoluble in water and in ether. 

Diphenyl cyanoarsine has such a low vapor pressure that it must be diffused as a particulate smoke in the air, in the 
same way as diphenyl chloroarsine. Its behavior to active carbon is due to this state of extreme subdivision. Layers 
of animal or vegetable fibers, properly treated and washed, form an efficient filter. 

The minimum concentration of diphenyl cyanoarsine detectable by odor is 0.01 mgm. per cu. m. according to 
Lindemann and 0.005 mgm. per cu. m. according to Meyer. 

A normal man can support a maximum concentration of 0.25 mgm. per cu. m. of air for not more than 1-2 minutes 
(Flury). 

The mortality-product is 4,000 according to Muller, or for 10 minutes’ exposure according to Prentiss, 10,000. 


(C) HETEROCYCLIC ARSINES 

The study of the heterocyclic arsines (i.e., those containing the atom of arsenic in the nucleus) may be said to have 
commenced only during the war of 1914-18 and led to the discovery of substances whose military value is equal, or 
according to some authorities superior, to that of the aromatic arsines. Among these substances "Adamsite" has 
claimed most interest, particularly because of the simplicity of its method of preparation. 

This substance, also known as "diphenylamine chloroarsine," has the following structure: 


cl 
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; 
H 


. .which has been confirmed by its mode of formation from arsenic trichloride and diphenylamine: 


— “72 


* As-Cl = HN As-Cl + 2 HCl 


fas%, a 


By analogy with other classes of substances of similar constitution, such as phenazine (1) and phenoxazine (II): 
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T II 


it may be accurately described as 10-chloro-5, 10-dihydrophenarsazine, or, more briefly, as phenarsazine chloride. 
Various analogous and homologous compounds of phenarsazine chloride have been studied. 1 Among the more 
important may be mentioned phenarsazine bromide, obtained by the action of arsenic bromide on diphenylamine, 
phenarsazine iodide and phenarsazine fluoride as well as phenarsazine cyanide. All these compounds have toxic 
properties similar to those of phenarsazine chloride. 


Substances of analogous types to that of the phenarsazine derivatives have also been prepared. Lewis 7 first, and 
later Turner prepared phenoxarsine chloride (6-chlorophenoxarsine): 


Cl 


| 
As 
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ee lee 
Kalb prepared arsanthrene chloride: 
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These substances, which are very similar in properties to phenarsazine chloride, have the drawback that their 
preparation is in each case very laborious. 


Phenarsazine Chloride (Adamsite) (M.Wt. 277.5) 


According to Hanslian this substance was prepared in Germany by Wieland in 1915, and independently in January, 
1918, by Adams (whence its name of Adamsite). However, the recognition of the importance of this substance as a 
war gas must be attributed solely to the English and Americans who studied its chemical and biological properties. 


PREPARATION 
Wieland obtained phenarsazine chloride by treating diphenylamine with arsenic chloride: 


(CgH,),NH +- AsCl, = NH(C,H,),AsCl + 2HCl. 


It may also be obtained by the following methods: 

(a) By heating diphenyl hydrazine with arsenic trichloride. 

(b) By boiling aniline with arsenic trichloride, then adding sodium hydroxide, and treating the oxide obtained with 
hydrochloric acid. 

(c) By treatment of fused diphenylamine with concentrated hydrochloric acid and then mixing with arsenious 


oxide: 
(C,H;);NH + HCl = (C,H,);NH « HCl 
2 (CsHs).NH - HCl + As,O, = 2 NH(C,H,).AsCl + 3 H,O 


LABORATORY PREPARATION 

Contardi's method is used: this involves the treatment of diphenylamine with arsenious oxide: 

42 gm. diphenylamine and 21 ml. hydrochloric acid (S.G. 1.19) are placed in a porcelain dish of about 300 ml. 
capacity and heated with constant stirring until all the water has been driven off. Diphenylamine hydrochloride is 
obtained as a white powder; it is dried for 2-3 hours at 50° to 60°C. It is mixed with 25 gm. arsenious oxide and 
melted with continuous stirring. When the whole mixture is molten, the temperature is gradually raised; at 140°C. 
the reaction becomes vigorous and water vapor is evolved. After 3-4 hours the temperature rises to 200°C. and 
the evolution of water vapor ceases: the reaction may then be considered as complete. The product obtained is 
purified by crystallization from xylene. Yield is almost theoretical. 


INDUSTRIAL MANUFACTURE 
American Method. The process used by the Americans at Edgewood Arsenal for the manufacture of phenarsazine 
chloride is based on the reaction of diphenylamine with arsenic chloride: 


(CgH,)gNH + AsCl, = NH(C,H,)sAsCl + 2HCl, 


Operating Details. 642 kgm. diphenylamine are first heated to 150°C. in a large jacketed kettle fitted with an 
agitator and a reflux condenser. 730 kgm. arsenic trichloride (that is, 10% excess over theoretical) are added and 
the heating continued for 5 hours. During the course of the reaction, the temperature rises to 250°C, and large 
quantities of hydrochloric acid are evolved. This passes through the condenser and is absorbed in water in a special 
absorption tower. At the end of the reaction, the product obtained is transferred to a vessel containing water where 
it is washed, then centrifuged and dried at 30°C. Yield 80%. 

Italian Method. During the war, Professor Contardi proposed a method of preparation much more simple than the 
American process just described. In studying a new process for manufacturing diphenylamine, he observed that the 
hydrochloride of this base is completely dissociated into hydrochloric acid and diphenylamine when heated to 
slightly over 100°C. He studied the possibility of using this reaction to prepare phenarsazine chloride by starting 
from arsenious oxide and diphenylamine hydrochloride, instead of arsenic trichloride and diphenylamine. 

The equation of this reaction is as follows: 


H 
2 (C,H,)sNH-HCl + As,O, = 3H,O +2 un Cl 
4 


In order to prepare phenarsazine chloride by this method it is sufficient to mix diphenylamine hydrochloride with 
arsenious oxide and heat to 130°C. After the mixture is melted, the temperature is gradually raised to 200°C. When 
the evolution of water ceases, the reaction is complete. Yield 95% of the theoretical. 

Fig. 18 shows a diagram of the plant proposed by Professor Contardi for the industrial preparation of phenarsazine 
chloride. 

The reaction is carried out in the cast iron kettle A, which holds 7.5 liters and is fitted with the helical agitator B 
which imparts an ascending motion to the mass, so that a homogeneous distribution of the particles in the liquid is 
obtained. The kettle is closed at the top with a lid, in the center of which is the agitator gear, and which also has a 
charging hole C for the diphenylamine hydrochloride and arsenious oxide. Above this hole a hopper is fitted. A 
stuffing box also passes through the lid, supporting the thermometer T which indicates the temperature of the 
reaction mixture. At the bottom of the kettle is a tube of 10 cm. diameter closed with a plug valve D; through this 
the product is discharged. The kettle is surrounded by the walls L and is heated by means of the three heating coils 
f, f, f°. With a battery of four kettles of this description, it is possible to make 6 tons of phenarsazine chloride by 
this method in 24 hours. 

Fig. 18. This process differs from the American method more particularly in saving a considerable proportion of the 
hydrochloric acid (more than two-thirds) and of the arsenious oxide, and also makes it unnecessary to prepare 
arsenic trichloride. Moreover, all the difficulties attendant on the necessity for utilizing or disposing of the large 
quantities of arsenical products which are invariably obtained in the American process are obviated. 


Physical Properties 

Phenarsazine chloride in the crude state is a crystalline solid, dark green or sometimes brown in color. It may be 
obtained in the pure condition by crystallization, or, better, by vacuum sublimation. It is then of a canary-yellow 
color with a melting point of 189° to 190°C. (Burton and Gibson), 191° to 193°C. (Rasuvajev), 192.5° (Tanner), or 
193° to 195°C. It is practically odorless at ordinary temperatures. It has been shown recently that phenarsazine 
chloride, like diphenyl chlorarsine, can exist in two modifications: 

A stable orthorhombic form which melts at 195°C , and a metastable form which is partly monoclinic and melts at 
186°C. and partly triclinic, melting at 182°C. 

The boiling point calculated from the vapor tension curve is 410°C. 

The specific heat is 0-268 calorie and the heat of volatilization 548 calories. 

The volatility at ordinary temperatures is low: at 20°C. it is only 0.02 mgm. per cu. m. of air. The vapor tension at 
various temperatures is given in the following table: 


Temperature Vapour Tension 
°¢ MM, MERCURY 
° 5 X 10716 
20 2X 1078 
40 2X 107i 
100 2X 10-8 
150 07003 


The specific gravity at 20°C. is 1.648. It is practically insoluble in water, and sparingly soluble in the common 
organic solvents such as benzene, xylene, etc., with which it forms molecular compounds of great stability. It is 
also insoluble in phosgene and only slightly soluble at the ordinary temperature in carbon tetrachloride. It dissolves 
in concentrated sulfuric acid with an intense cherry-red color, and in arsenic trichloride to give a dark green 
solution. 


CHEMICAL PROPERTIES 

Water. Phenarsazine chloride, unlike the arsenic compounds previously described, is slowly hydrolyzed by water. 
On adding a little water to the alcoholic solution, a turbidity appears which consists of phenarsazine oxide. 
Bromine. By the action of bromine on phenarsazine chloride in acetic acid solution, a brominated derivative is not 
obtained, but the molecule is decomposed and tetrabromodiphenylamine is formed: 


HN pasa +4 Br, = HN(CH,Br,),-+ AsBr, + HCl + HBr 


Tetrabromodiphenylamine forms lustrous crystals melting at 185° to 186°C. 
Hydrochloric Acid. When phenarsazine chloride is treated with gaseous hydrochloric acid at 160°C, it decomposes, 
forming arsenic trichloride and diphenylamine as follows: 
C.H. 
644 
nu AsCl + 2 HCl = NH(C,H,), + AsCl, 
Hydriodic Acid. On treatment with aqueous hydriodic acid on the water-bath, phenarsazine chloride forms 
diphenylamine as in the previous reaction: 


CH 
wH(* Dascl +2HI = NH (C,Hy)e + ASCII, 
6*"4 


Alkalies, Phenarsazine chloride reacts with the alkalies to form phenarsazine oxide, according to the following 
equation: 

CHy 
anu" Dae Cl+H,0 = 2Hcl + (HNC “)As),0 


Cy H, 
This substance forms Py leaflets with a melting point above 350°C. and is soluble with difficulty in most of 
the organic solvents. It reacts on heating with alcohols and phenols, and has a vigorous irritant action. 
Ammonia. When a current of dry ammonia is passed through a solution of phenarsazine chloride in xylene, a 
compound of the following composition is obtained: 


can ASN 


This is triphenarsazine amine which melts at 295° to 300°C. 
Oxidizing Agents. Oxidizing agents react with phenarsazine chloride, converting the arsenic atom from the trivalent 
to the pentavalent condition. Hydrogen peroxide in acetic acid solution, for instance, converts phenarsazine 


chloride to phenarsazinic acid: 
una <° H 
This forms acicular crystals melting above 300°C. 


However, nitric acid under certain conditions does not affect the arsenic atom, but introduces one or two nitro- 
groups. These groups enter at the ortho- or para- position to the NH— group. 

These nitro- compounds have vigorous irritating properties according to Libermann. 

Sodium Cyanide. Phenarsazine chloride, when treated with sodium cyanide in methyl alcohol solution, does not 
form phenarsazine cyanide, but the corresponding methoxy- compound, 


This substance melts at 194°C , and on heating with water is converted to phenarsazine oxide. 
Phenarsazine cyanide has, however, been prepared by Gryskiewicz by treating phenarsazine chloride with, silver 


cyanide. It forms bright yellow crystals which melt at 227°C. with decomposition according to Gryskiewicz. or at 
223° to 224°C. according to Gibson. Though it has a more efficient biological action than diphenyl cyanoarsine, it 
is very unstable to heating and to explosion. 

Potassium Thiocyanate. When phenarsazine chloride is treated in acetone solution with an aqucous solution of 
potassium thiocyanate, phenarsazine thiocyanate is ne 


wa( AsSCN 
CoH, 
This forms yellow crystals which melt at 229° to 230°C. 
Chloramine-T. On treatment of phenarsazine chloride in cold aqueous alcoholic solution with chloramine-T, 
phenarsazinic acid is formed (see above). 
Pyridine. When phenarsazine chloride is treated with boiling anhydrous pyridine, triphenarsazine chloride is 


formed: 
un paenaeN AsCl 


. .as orange-yellow crystals melting at 260° to 263°C. 
Grignard Reagent. By the action of the Grignard reagent on phenarsazine chloride, the corresponding alkyl or aryl 


derivative is formed, i.e., 
H 
6°44 
un(~ As-R 
CoH, 


When phenarsazine chloride is heated it begins to melt at about 193° to 195°C. and remains unaltered until the 
temperature reaches 320°C. when it becomes dark brown. On further heating to 370°C, no more decomposition 
takes place. On cooling rapidly it solidifies to a crystalline mass of much darker color than the original substance. 
Unlike diphenyl chloroarsine, phenarsazine chloride attacks iron, steel, bronze and copper. 

The minimum concentration causing irritant effect is, according to Muller, 0.1 mgm. per cu. m. A normal man 
cannot support a concentration greater than 0.4 mgm. per cu. m. for more than | minute. The mortality-index is 
30,000 for 10 minutes’ exposure and 19,500 for 30 minutes’ exposure (Prentiss). 


Analysis of the Arsenic Compounds 


DETECTION 

The presence of the arsenical war gases may be detected by applying one of the various methods proposed for 
detecting arsenic in substances. Among these the following, which have been much utilized for these compounds, 
are described: 

Gutzeit Method, Modified by Sanger and Black. This method depends on the change of color, from white to brown, 
of a paper impregnated with mercuric chloride solution when it is exposed to the action of hydrogen arsenide. 

In order to use this paper for detecting arsenic compounds, the latter must first be converted into arsenious oxide by 
one of the usual decomposition methods and the oxide then reduced to hydrogen arsenide which can then be 
detected by the Gutzeit test-paper. 

The reaction papers are prepared by repeatedly (four to five times) immersing strips of paper in an aqueous 5% 
mercuric chloride solution and allowing them to dry at the ordinary temperature. The papers after treatment must be 
stored away trom the light in closed vessels containing phosphorus pentoxide, as they are sensitive to light and 
moisture. 

The procedure to be followed in detecting the presence of arsenic compounds by means of these papers is as 
follows: 

A certain quantity of the substance to be tested is decomposed by one of the methods described, for instance, by 
Ewins's method. The liquid obtained, which contains arsenious oxide, is reduced with zinc and hydrochloric acid, 
using an apparatus like that shown in Fig. 19. This consists of a bottle of about 30 ml. capacity, fitted with a two- 
holed stopper, carrying a small thistle funnel which passes to within 1 mm. of the bottom of the bottle, and a bent 
tube connected by a rubber stopper with another small tube. The latter has a glass bulb of about an aqueous solution 
of hydrogen sulfide. In presence of a chloroarsine an opalescence or a white amorphous precipitate forms in a few 
minutes, according to the concentration of the chloroarsine in the sample. 
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*The method of taking a sample depends on whether the substance to be examined is diffused in the air as vapor or 
as an aerosol. If the substance is in the vapor state, a part of the sample is passed through a U tube filled with dry, 
finely divided silica gel. Then the material absorbed on the silica is decomposed by one of the methods described 
on p. 329 et seq., and the solution obtained is tested by the Gutzeit method. 

If the substance is in the form of an aerosol, the sample must be passed through one of the following: 

(a) A wash-bottle with a porous partition containing a solvent as ether, benzene, acetone, etc. 

(6) A glass tube filled with compressed cotton-wool. 

(c) A glass tube filled with about 4 cm. anhydrous sodium sulfate held between two layers of cotton wool. 

The solution obtained by method (a), or the material obtained by method (b) or (c), is treated by one of the methods 
described on p. 329 et seq. to convert the arsenic present to the oxide, and then the Gutzeit method is used. It is 
simpler, however, to treat the solution from (a), or an alcoholic extract of the materials from (b), or (c) directly in 
the Gutzeit apparatus with zinc and sulphuric acid, in presence of copper sulfate or better a few drops of platinic 
chloride solution. 


In the presence of beta-chlorovinyl dichloroarsine an excess of hydrogen sulfide should be avoided or the sul fide 
will be decomposed. The sensitivity is 0.02-0.05 mgm. of chloroarsine. 
The sensitivity is greater if the chloroarsines are in aqueous solution than if they are in alcohol. 


DETECTION OF METHYL DICHLOROARSINE 

On adding a few drops of an aqueous solution of mercurous nitrate, faintly acid with nitric acid, to a solution 
containing methyl dichloroarsine, a gray precipitate of metallic mercury is formed. Sensitivity: 1 mgm. of methyl 
dichloroarsine. 


DETECTION OF ETHYL DICHLOROARSINE 

When a solution of ethyl dichloroarsine is treated with an aqueous solution of mercurous nitrate, acidified with 
nitric acid, a white precipitate forms, and this changes to gray in a few seconds. 

Sensitivity: a turbidity is easily visible in the presence of 2-5 mgm. ethyl dichloroarsine. ‘The limit is 1 mgm. 


DETECTION OF beta-CHLOROVINYL DICHLOROARSINE 

When a few drops of mercurous nitrate solution, slightly acidified with nitric acid, are added to a solution 
containing beta-chlorovinyl dichloroarsine, a white precipitate forms which turns gray within 12 hours. Sensitivity: 
1 mgm. /8 chlorovinyl dichloroarsine. 


DETECTION OF PHENARSAZINE CHLORIDE 

On heating a solution containing phenarsazine chloride with an aqueous solution of hydriodic acid on the water- 
bath, diphenylamine is formed, which can be distilled off in a current of steam and detected by means of the well- 
known reaction with nitric acid in sulphuric acid solution. 


QUANTITATIVE DETERMINATION 

The quantitative determination of the arsenical war gases is usually carried out by decomposing the substance by 
one of the usual methods and then determining the arsenic either gravimetrically or volumetrically. 

Method of the German Pharmacopoeia. 0.2-0.3 gm. of the substance is boiled for about 1 hour with 10 ml. 
concentrated sulfuric acid and i ml. fuming nitric acid in a narrow-mouthed flask of Jena glass. After cooling and 
adding 50 ml. water, the solution is evaporated and the above treatment repeated. 10 ml. water, 2 gm. potassium 
iodide and sufficient water to dissolve the precipitate are then added in succession to the cooled solution. 

After allowing to stand for about ¥% hour, the iodine liberated is titrated without using any indicator. 

Ewins's Method. 0.1-0.2 gm. of the substance is mixed in a 300 ml. Kjeldahl flask with 10 gm. potassium sulfate, 
0.2-0.3 gm. starch and 20 ml. concentrated sulphuric acid. This mixture is then heated by means of a Bunsen 
burner, first moderately for 10-15 minutes, then more vigorously for about 4 hours, until decomposition is 
complete. The liquid is cooled, transferred to a 350 ml. flask and made alkaline to litmus paper with sodium 
hydroxide. It is then cooled to 30° to 40° and sulfuric acid added drop by drop until the solution is faintly acid. A 
saturated solution of sodium bicarbonate is then added until the solution is again alkaline, 5-10 ml. being added in 
excess. The arsenious acid formed is then titrated with iodine solution using starch as indicator. 

Robertson's Method. This method consists synoptically of the following phases: 

(a) Decomposition of the substance with sulphuric-nitric acid mixture. 

(b) Elimination of the nitrous compounds with ammonium sulfate. 

(c) Titration of the arsenite formed with iodine. 

0.2 gm. of the substance is weighed into an Erlenmeyer flask and heated for about an hour with 5 ml. concentrated 
sulfuric acid and | ml. fuming nitric acid. After cooling the flask cautiously, a further 10-15 drops of fuming nitric 
acid are added and the flask again heated for 5 minutes to ensure complete decomposition. 1 gm. solid ammonium 
sulfate is then added and the contents of the flask agitated well until all the nitrogen has been evolved. They are 
then cooled and diluted with 60-70 ml. water. | gm. potassium iodide is then added and a few fragments of porous 
plate. A pear-shaped bulb of glass is placed in the mouth of the flask and the liquid concentrated to 40 ml. The 
iodine which is liberated is then decolorized with N/100 thiosulfate and the solution diluted to 100-120 ml. with 
cold water. 

The whole is then transferred to a 500 ml. flask containing 50 ml. 4 N sodium carbonate solution and the remaining 
acid neutralized with a slight excess of sodium bicarbonate. Starch solution is added and the arsenite present 
titrated with iodine. 

Rogers's Method. This method is based on the decomposition of the arsenical compound with nitric acid and 
ammonium persulfate and the titration of the iodine liberated on addition of potassium iodide. 

About 0.5 gm. of the substance is weighed accurately into a 500 ml. flask and 10 ml. water and 5 ml. nitric acid are 
added. 

The mixture is then heated, ammonium persulfate being added until the solution becomes clear. If the liquid 
persistently remains yellow, showing that the substance is refractory, it is boiled for several minutes with a few ml. 
water and several gm. of ammonium persulfate. 

The solution is then diluted with 100 ml. water, treated with about 5 ml. of a saturated solution of acid sodium 
ammonium phosphate and then an excess (about 40 ml.) of magnesia mixture added. A precipitate forms and is 
dissolved in dilute nitric acid; the solution is then heated to boiling, an excess of ammonia added, and it is then 
allowed to stand for about 2 hours. The precipitate is filtered off, washed with dilute ammonia and dissolved in 70 
ml. dilute hydrochloric acid (3:2). 

To the acid solution 3 gm. of potassium iodide in 6 ml. water are added and 70 ml. water. The liberated iodine is 
then titrated with sodium thiosulfate. 

Direct methods of estimation have been proposed for certain of the war gases. Some of these are described below. 


DETERMINATION OF THE ALIPHATIC ARSINES 

Jurecev suggested the following method for the determination of the aliphatic arsines present in vapor form in the 
air. 

A known volume of the air is passed through a U-tube filled with dry, fine-grained silica gel. The silica gel with the 
substance absorbed on it is transferred to a nickel or silver crucible and covered with a layer of magnesium oxide 
which is well pressed down. 6 gm. of a mixture of equal parts of sodium peroxide and sodium carbonate are added 
and pressed down, and this is finally covered with a layer of sodium carbonate. The crucible is heated with a small 


flame for about 15 minutes until the bottom is dull red. It is then allowed to cool and placed in a beaker, hot water 
is added and the beaker warmed on the water-bath. The solution is neutralized with dilute sulphuric acid and 
warmed again on the water-bath to decompose the hydrogen peroxide present. The silica gel is filtered off and 
washed with hot water, then the liquid is allowed to cool, made up to a convenient volume and the arsenic 
determined in an aliquot by the colorimetric | method using mercuric chloride paper. 


Determination of Methyl Dichloroarsine 

For this determination, the following method has been recommended by Uehlinger and Cook 2: 

5 gm. of the methyl dichloroarsine are treated with 200 ml. water and the hydrochloric acid formed by the 
hydrolysis neutralized to litmus. Sodium bicarbonate is then added and the solution titrated with a decinormal 
iodine solution. 

Determination of beta-Chlorovinyl Dichloroarsine 

This determination is usually carried out by the method of Lewis and Perkins, in which the ft chlorovinyl 
dichloroarsine is decomposed by 15% sodium hydroxide solution at a temperature below 37°C. Acetylene is 
evolved quantitatively. 
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. . .0.2-0.4 gm. of the substance is weighed into a flask B (Fig. 20) of 50 ml. capacity, and 5 ml. of 15% sodium 
hydroxide solution are introduced from the burette A , the liquid then being warmed to about 37°C. The 
decomposition of the beta-chlorovinyl dichloroarsine is complete after 15 minutes’ agitation and then the volume of 
acetylene formed is read off in the burette C. From this the quantity of beta-chlorovinyl dichloroarsine in the 
sample can be calculated. The U-tube contains 15% sodium hydroxide solution which ensures the complete 
decomposition of the sample. 


DETERMINATION OF CHLOROVINYL ARSINES 
In order to determine the amount of each constituent in a mixture of the chlorovinyl arsines, the method proposed 
by Brinton may be employed. This utilizes the following reactions: 


(x) Cold water hydrolyses 


3 chlorine atoms in arsenic trichloride, 
2 v6 5 B chloroviny] dichloroarsine, 
and I a - Bp’ dichloroviny] chloroarsine. 


(2) By prolonged heating with alcoholic soda all four compounds are attacked with the formation of 3 molecules of 
sodium chloride from each. 

(3) A solution of sodium bromate in dilute hydrochloric acid oxidizes the arsenic trichloride and beta-chlorovinyl 
dichloroarsine to the pentavalent state. 


(4) Moderate boiling with 15% sodium hydroxide causes the attack of both beta-chlorovinyl dichloroarsine and 
BB’-dichlorovinyl chloroarsine, but not trichlorovinyl arsine, with formation of sodium arsenite which may be 
titrated with sodium bromate after acidification. 


DETERMINATION OF PHENYL DICHLOROARSINE 
Fleury's method may be employed for this determination; it consists in hydrolyzing the sample with water and 
titrating the oxide formed with iodine solution. The following reaction takes place: 


OH 
C,H,-AsCl, + 1, + 3 H,O = CoHLASEO +2HI+2HCl 


A sample of phenyl dichloroarsine is weighed accurately, treated with water and alcohol and then titrated, without 
adding any sodium bicarbonate, with a decinormal solution of iodine, until the yellow color is permanent. The 
number of ml. of iodine solution employed multiplied by 0.01115 gives the amount of phenyl dichloroarsine (in 
gm.) in the sample. 


DETERMINATION OF DIPHENYL CHLOROARSINE 

Fleury's method, depending on the same principle as the preceding estimation, is most frequently employed for the 
determination of diphenyl chloroarsine. The titration must be carried out in benzene or chloroform solution, 
however, and not in aqueous alcoholic solution, and in presence of sodium bicarbonate, which accelerates the 
velocity of the reaction and also dissolves the diphenyl arsenic acid which is formed: 


(C,H,),AsCl + I, + 2H,O = (C,H,),AsOOH + 2HI + HCl. 


The sample (0.2-0.4 gm.) is weighed accurately and dissolved in 10-15 ml. chloroform or benzene, 20 ml. of a 
saturated solution of sodium bicarbonate are added and the liquid is then titrated with N/10 iodine solution, being 
shaken vigorously after each addition of iodine. The end of the titration is shown by the appearance of a violet 
coloration in the solvent. The number of ml. of N/10 iodine solution employed multiplied by 0.0132 gives the 
amount of diphenyl chloroarsine present in the sample, in gm. 

In order to determine the amount of diphenyl chloroarsine in air, Sieverts recommends the following method: 

A sample of the air is taken in a glass flask of 10-15 liters capacity and washed three times with 30 ml. benzene; the 
benzene solutions are evaporated together on the water-bath to a volume of 10-20 ml. and then titrated with a 
N/1,000 solution of iodine as described above. The number of ml. of iodine employed multiplied by 0.132 gives the 
amount of diphenyl chloroarsine present in the sample of air. 

This method is not specific, however, nor is it sufficiently sensitive; it also suffers from the inconvenience attendant 
on the instability of millinormal solutions of iodine. 

It is better to use Jurecev's method for this estimation; it consists in passing a known volume of the aerosol (e.g., 50 
liters) through a wash-bottle with a porous partition containing ether. 

The solvent is then evaporated off on the water-bath, the residue decomposed by one of the methods described, 

and the arsenic determined colorimetrically by means of mercuric chloride paper. 


DETERMINATION OF DIPHENYL CYANOARSINE 
Diphenyl cyanoarsine may be estimated in the same manner as diphenyl chloroarsine, by titration with iodine 
(Sieverts): 


(CgH,)eAsCN + 2H,O + I, = (CsH,),AsOOH + 2HI +HCN. 


A sample of the air to be analyzed is introduced into a glass flask, as in the case of diphenyl chloroarsine, and 
washed with alcohol (not benzene, for in the latter solvent diphenyl cyanoarsine does not react with iodine). The 
alcoholic solution is diluted with an equal volume of water and about 5 ml. benzene are added. 

The diphenyl cyanoarsine reacts quantitatively with iodine in the aqueous alcoholic solution, while the excess of 
iodine passes into the benzene layer. 

The number of ml. of N/1,000 iodine employed multiplied by 0.127 gives the quantity of diphenyl cyanoarsine in 
the sample of air taken, in mgm. It is advisable to carry out a blank determination. 


DETERMINATION OF PHENARSAZINE CHLORIDE 

A known volume of air containing the substance to be examined, in the form of an aerosol, is passed through a 
wash-bottle with a porous partition, of the type recommended by Kolliker, containing ether. 

The solvent is removed on the water-bath, the residue is oxidized by means of a mixture of concentrated sulfuric 
acid, concentrated nitric acid and hydrogen peroxide, according to Winterstein's method, and the arsenic is 
determined in the solution obtained by the colorimetric method with mercuric chloride paper. 


DETERMINATION OF ARSENIC TRICHLORIDE IN PHENYL DICHLOROARSINE 

Fleury recommends the following method for the determination of the arsenic chloride present in a sample of 
phenyl dichloroarsine. 

A known amount of the sample (equivalent to about 30 ml. N/10 iodine solution) is dissolved in 15-20 ml. 95% 
alcohol and titrated directly with iodine without addition of sodium bicarbonate. An excess of a saturated solution 
of sodium bicarbonate is then added; if after this the solution absorbs more iodine, the presence of arsenic 
trichloride is indicated, and from the number of ml. of iodine solution absorbed in these conditions, the quantity of 
arsenic trichloride present in the sample may be calculated. 

According to Delepine, this method may also be employed for the determination of the arsenic trichloride present 
in the aliphatic arsines. 


PART 2: Epitaph (1941-2001) 


Chapter 01: Active duty Lachrymator, 
disabling, and irritants 


I. Introduction 


Riot control, disabling, and irritant substances are quite common in the field of law enforcement and civil 
authorities. They are used by the military for covert operations where disabling, confusing, and harassing the 
enemy is more important then killing. Common riot control agents include CS, chloroacetophenone, and 
bromobenzylcyanide. Common disabling agents are biphenyl arsenicals, bromoacetone, and chloropicrin, and 
irritant substance in general include BBC, chloroacetone, and dichloroacetone. 
Most riot control agents are non-toxic, and their persistence is very low. The duration of action for most riot control 
agents is only 5 to 15 minutes on average, and their effects on the body are generally mild. Disabling agents such as 
adamsite are quite common vomiting agents, which are used by security personnel, bank vaults, and security 

sectors to disable intruders. Vomiting agents are virtually non-toxic, but the action upon the body can be very 
severe, producing nausea, vomiting, and general incapacitating results. Effects of vomiting agents upon the body 
can last hours, but produce no temporary illness. Irritant substances include a family of compounds called 
lachrymators. Lachrymators irritate the eyes, nose, throat, and skin resulting in itching, redness, rash, and general 
discomfort and pain. As with riot control agents, and disabling agents, lachrymators are considered non-toxic, but 
their effects upon the body can last for days. 

Disabling and irritant substances are hardly ever used in riot control operations because of their general toxicity and 
severity of symptoms; although, some irritant substances are used as riot control agents, and may be classified as 
riot control agents rather then general irritants. 


1. Physical properties of riot control, disabling, and irritant agents 


Riot control agents are white to light colored solids, which have moderate to high melting points. Despite their high 
melting points, riot control agents are very volatile, and therefore easily disseminated through pyrotechnic 
munitions or other means. Most riot control agents are insoluble in water, but readily soluble in organic solvents 
such as alcohol, methylene chloride, ether, and benzene. Riot control agents like CS can be dissolved into water 
with the addition of propylene glycol for making irritant spray solutions. 

Disabling agents are usually solids, with low to moderate melting points, but they may include colorless liquids, 
which may be volatile or non-volatile. The solids are not very soluble in water, but soluble in the usual organic 
solvents, but the liquids may be partially soluble in water, or only slightly soluble therein. Chloropicrin and 
bromoacetone are both very soluble in the usual organic solvents. Adamsite is a colorless to light colored solid, 
with a moderate melting point. It is not considered volatile under normal conditions, but can be generated into a 
smoke rather easily. Chloropicrin and bromopicrin are powerful disabling agents, which are colorless liquids. They 
are considered volatile under normal conditions, and can be disseminated using various techniques. 

Irritating agents are colorless to light colored solids with low melting points, or colorless volatile liquids with high 
boiling points. Many irritating substances are either readily soluble in water, or partially soluble, and all are soluble 
in the usual organic solvents. Most irritating agents, which are solids, are very volatile and rapidly volatize on 
standing. Liquid irritating agents tend to be quite volatile under normal conditions, and evaporate on standing under 
moderate rates. 


2. Protection 


Ordinary clothing gives adequate protection against riot control agents and disabling agents; although, some irritant 
agents can penetrate ordinary clothing leading to skin irritation. Some riot control agents like CS can stick to 
clothing, rendering a delayed irritant action. In most cases, ordinary respirators or gas masks protect against riot 
control, disabling, and irritant agents. 


3. Decontamination 


Decontamination is not needed for riot control agents, disabling agents, or irritants under field conditions. Within 
enclosed environments, general decontamination of disabling or irritants may be needed, including aeration, bleach 
treatment, or caustic soda. Under field conditions, riot control, disabling, and irritants are readily swept away 
through the slightest breeze. Decontamination of exposed personal is not needed when riot control agents are used, 
and exposed personnel should be taken to fresh air. For disabling agents, there’s little that can be done to 
decontaminate exposed personnel, and they should be taken to fresh air, and allowed to rest. Skin and eye exposure 
to irritating agents should be flushed with large amounts of warm water, with intermittent treatments with warm 
soapy water. In essence, there is no real method of decontaminating irritating agents under most conditions. 


4. Mechanism of body action 


Riot control and some irritating agents act upon the nerve endings, the cornea, and mucous membranes causing 
excessive fluid discharge, irritations, and general discomfort. The body detoxifies riot control and irritant agents 
quite readily, and the body recovers from any symptoms within minutes. Disabling agents act upon thio containing 
enzymes inhibiting them, and disrupting the pyruvate dehydrogenase system. The thio containing enzymes play a 
part in the energy production within the cells. Inhibition of these enzymes interferes with the respiration of the cell 
system, resulting in destruction of the cell structure. The result is a multitude of complex reactions that result in 
nausea, vomiting, muscle spasms, irritation, and a general sense of incapacitation. 


5. Signs and symptoms 


Exposure to riot control agents and irritant agents produces a multitude of symptoms including severe eye irritation, 
irritation to the nose and throat, skin irritation, skin redness, itching, rash, runny nose, profuse nasal discharge, soar 
throat, coughing, and severe bodily fluid discharge. Most symptoms are experienced within seconds of exposure, 
but only last for short periods of time. Ingestion, although far less common, leads to nausea and vomiting, with 
mild gastrointestinal disorders. Some irritants produce pronounced eye irritation followed by numbing or stinging 
pain, eff which can last hours or days, and some can even produce mild vessication. 

Inhalation of disabling agents produces severe burning and pain to the nose and throat, with excessive fluid 
buildup. Sever discomfort including nausea, vomiting, muscle tremors, and confusion usually follows within 
minutes of exposure. In some cases, symptoms may be delayed for up to S minutes, whereupon sneezing begins, 
and ends with headache and vomiting. Eye exposure to most disabling agents simply produces general irritation 
followed by itching, redness, and mild pain. In general, the eyes are relatively unaffected by the action of arsenical 
disabling agents, but bromoacetone and chloropicrin can produce severe eye irritation even under very low 
concentrations. Under high concentrations, arsenicals, and bromoacetone are capable of producing mild 

vessication, resulting in skin blisters; although, on the battlefield, high concentrations of these disabling agents is 
unlikely to be encountered 


6. Treatment 


Treatment for riot control agents is limited to exposure. In most cases, exposure simply dissipates after several 
minutes. In most cases, exposed personnel should be taken to fresh air, and allowed to rest until the symptoms 
disappear. Warm water can be used to treat soar eyes, by simply flushing. The eyes should not be rubbed by fingers 
or coarse materials as infection may set in. For most cases, riot control agents are detoxified in the body within 30 
minutes, so no real treatment is necessary. 

Treatment of irritant agents is similar, but some may require general care. For exposed eyes, the eyes can be 
flushed with a dilute baking soda solution, followed by large amounts of warm water. The eyes should not be 
rubbed, so as to avoid infections. Irritated or itching skin can be treated by the effected area with warm soapy 
water, followed by applying a calamine lotion, phenol ointments, or aloe vera gel. 

Disabling agents need not be treated under any severe medical conditions, and exposed personnel should be dealt 
with as severity of exposure dictates. Personnel exposed to low or mild concentrations should continue work and. 
duties as active bodies detoxify the agents faster. Personnel exposed to high concentrations should be taken to fresh 
air, and allowed to rest. 


Ul. Preparation 


1. Chloropicrin. Nitrochloroform. Acquinite. Trichloronitromethane; Picfume 


Molecular Formula: CCI;NO2 


Formula Weight: 164.3752 


Composition: C(7.31%) Cl(64.71%) 
N(8.52%) O(19.47%) 


Molar Refractivity: 27.21 + 0.3 cm’ | 


Molar Volume: 92.0 + 3.0 cm*® 
Index of Refraction: 1.503 + 0.02 


Parachor: 240.9 + 4.0 cm* 
Surface Tension: 46.9 + 3.0 dyne/em 


Density: 1.786 + 0.06 g/cem* 


Polarizability: 10.78 + 0.5 10 4cm* 


RDBE: 2 


Monoisotopic Mass: 162.899461 Da 


Nominal Mass: 163 Da 
M+: 162.898913 Da 


Average Mass: 164.3752 Da 
M-: 162.90001 Da 


[M+H]+: 163.906738 Da 


[M+H]-: 163.907835 Da 


[M-H]+: 161.891088 Da 


[M-H]-: 161.892185 Da 


InChI = 1S/CCI3NO2/c2- 
1(3,4)5(6)7 


Smiles: CIC(Cl)(CI)N(=0)=O 


Chloropicrin forms an oily colorless liquid with an intense, stinging, and pungent odor. It has a melting point of — 
69 Celsius, and a boiling point of 112 Celsius at 757 millimeters of mercury. Chloropicrin is insoluble in water, but 
readily soluble in most common organic solvents. It is very stable, and is not attacked by bleach. Solutions of 
strong alkalies only slowly decompose it, with increasing rates under higher temperatures. Chloropicrin can persist 
in the environment for long periods of time ranging from weeks to months; although, due to volatility under certain 
conditions, it may only persist for several days. Chloropicrin can contaminate enclosed areas such bunkers, tunnel, 
and rooms for long periods of time. Chloropicrin is a strong irritant, and a potent riot control agent. Most agencies 
have banned chloropicrin for use in riot control due to its severe irritating nature. Inhalation of the vapor produces 
immediate and severe irritation to the nose, and throat. Chloropicrin is a potent skin irritant, and the vapor or liquid 
on the skin causes immediate and severe pain and irritation. It is not a vesicant, but prolonged skin exposure can 
lead to soars and spots, with permanent scars in some cases. Eye contact causes severe irritation as well, but 
irritation can be shortly delayed in some people. Eye exposure leads to severe pain and irritation; effects which can 
last for hours. Chloropicrin acts as an effective vomiting and choking agent. Inhalation of the vapor can cause fluid 
buildup, and a sense of congestion. Inhalation can also cause nausea and vomiting. Chloropicrin can be used in 
military operations where it is desired to confuse, irritate, and incapacitate enemy personnel, rater then Kill or 
wound them. It can be used with outstanding results against rioters and/or protestors; dissemination would easily 
break up large crowds and leave the rioters and/or protestors running and screaming in pain and agony. 

Chloropicrin can be disseminated by aerosols, smoke generating munitions, explosives munitions, atomizers or 
humidifiers, or from fog making devices. The most effective method of dissemination is through aerosols. 
Chloropicrin can be decontaminated with a dilute solution of sodium bisulfite. Chloropicrin is a fast acting riot 
control agent capable of producing irritation, confusion, and incapacitation to any exposed personnel within 
minutes of dissemination. Inhalation of as little as 5 milligrams can cause irritation and pain to the nose and 
throat. Eye contact to as little as 3 milligrams can cause irritation and pain. The lethal does through 
inhalation ranges from 2000 to 2500 milligrams per person. Skin contact to as little as 10 milligrams can 
cause irritation and pain. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as disabling agent): 7 Field Stability: 9 
Persistence (open area): 5 | Storage stability: 10 
Persistence (enclosed area): 9 | Toxicity (as disabling agent): 8 
TOTAL EFFECTIVENESS (as disabling agent): 8 
OVERALL TOXICITY (as warfare agent): 2 


LACRIMATORY  IBRITANT ABSGRPTION IRRITANT ABSORPTION 


PREPARATION I 
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Into a suitable flask place 1300 milliliters of water, and then add and dissolve 290 grams of sodium hydroxide. 
Note: much heat is evolved when sodium hydroxide is dissolved in water. After adding and dissolving the sodium 
hydroxide, allow the solution to cool to room temperature. Thereafter, bubble into this solution, 250 grams of 
chlorine gas over a period of about 4 hours while stirring the sodium hydroxide solution. After the addition of the 
chlorine, dilute the mixture by adding 1900 milliliters of water. Then prepare a nitromethane solution by adding 
79 grams of nitromethane to 50 milliliters of water, and then add drop wise, this nitromethane solution to the 
sodium hydroxide/chlorine mixture. During the addition of the nitromethane solution, stir the sodium 
hydroxide/chlorine mixture and keep its temperature below 45 Celsius. After the addition of the nitromethane 
solution, stir the reaction mixture for about 1 hour, and then remove the lower chloropicrin layer using a separatory 
funnel. Then dry this chloropicrin layer by adding 15 grams of anhydrous calcium chloride, and then stir the 
mixture for several minutes. Then filter-off the calcium chloride, and place the filtered chloropicrin into a suitable 
glass amber bottle, and store in a cool dry place until use. Note: the chloropicrin can be distilled for quality and 
purity if desired, by placing it into a vacuum distillation apparatus, and vacuum distilling at 112 Celsius under a 
very mild vacuum of 757 millimeters of mercury. Note: Distillation of the chloropicrin is not needed for use in 
improvised military operations. 
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Into a suitable flask, add 700 grams of a 5% sodium hypochlorite solution (bleach). Thereafter, prepare a 
nitromethane solution by adding 25.7 grams of nitromethane to 20 milliliters of water. Then gradually add the 


2 HC 


nitromethane 


nitromethane solution to the bleach over a period of about 15 minutes while stirring the bleach. After the addition 
of the nitromethane solution, continue to stir the mixture for about 1 hour. Then place the reaction mixture into a 
separatory funnel, and remove the lower chloropicrin layer. Then dry this chloropicrin layer by adding 5 grams of 
anhydrous calcium chloride, and then stir the mixture for several minutes. Then filter-off the calcium chloride, 
and place the filtered chloropicrin into a suitable glass amber bottle, and store in a cool dry place until use. Note: 
the chloropicrin can be distilled for quality and purity if desired, by placing it into a vacuum distillation apparatus, 
and vacuum distilling at 112 Celsius under a very mild vacuum of 757 millimeters of mercury. Note: Distillation of 
the chloropicrin is not needed for use in military operations. 


2. Bromopicrin. Nitrobromoform. BromoAcquinite. Tribromonitromethane; Picfume 
bromide 


Br 


4 
7 


oY 
fe) 
Molecular Formula: CBr;NO2 Formula Weight: 297.7282 
Composition: C(4.03%) Br(80.51%) | Molar Refractivity: 35.86 + 0.3 cm 
N(4.70%) O(10.75%) 
___ Molar Volume: 97.4 + 3.0cm> | ___Parachor: 281.9 + 4.0 cm* 
Index of Refraction: 1.657 + 0.02 Surface Tension: 70.2 + 3.0 dyne/em_ 
Density: 3.056 + 0.06 vom Polarizability: 14.21 + 0.5 5 10cm! 
RDBE: 2 Monoisotopic Mass: 294.747893 Da 
Nominal Mass: 295 Da Average Mass: 297.7282 Da 
M+: 294.747345 Da M-: 294.748442 Da 
[M+H]+: 295.75517 Da ene 295.756267 Da 
[M-H]+: 293.73952 Da [M-H]-: 293.740617 Da 
Smiles: BrC(Br)(Br)N(=O)=O InChI = 1S/CBr3NO2/c2- 
1(3,4)5(6)7 


Bromopicrin forms colorless crystals, semi-liquid mass, or a colorless liquid with a strong, biting, and penetrating 
odor, It is very stable and is similar in nature to chloropicrin. Bromopicrin is a potent irritant, capable of causing 
severe eye, nose and throat irritation. Bromopicrin can be used as an effective chemical warfare agent where it is 
desired to irritate, confuse, and disable enemy troops. Exposure to the vapor produces immediate and severe 

distress and irritation. Eye contact produces severe pain, and in some cases severe fluid discharge making it almost 
impossible for exposed personnel to function on the battlefield. Inhalation can produce immediate and severe 
discomfort and pain to the nose and throat, leading to fluid buildup and a strong sense of congestion (like a severe 
cold or flu with added pain and irritation). Bromopicrin is a violent riot control agent, which has been banned by 
most agencies. It can be used as a vomiting and choking agent as well. Inhalation of the vapor can lead to nausea 
and vomiting. Skin contact to the vapor, liquid, or solid can result in severe skin irritation with soars or lesions 
forming within 8 hours of exposure. Bromopicrin can persist in the environment for prolonged periods of time, 
ranging from several days to several weeks due to its low volatility under normal conditions. Bromopicrin can be 
disseminated from aerosols, smoke generating munitions, and explosives munitions. Bromopicrin can also be 
dissolved into an inert solvent, and then disseminated as is. Bromopicrin is similar to chloropicrin, and it’s 
capable of causing casualties within minutes of dissemination. It is a violent irritant, capable of causing 
severe irritation of the eyes, nose, and throat. Eye contact to as little as 1 milligram can produce irritation. 
Inhalation of as little as 5 to 10 milligrams can cause nose and throat irritation immediately with congestion 
starting within minutes. The lethal dose through inhalation is as low as 1200 milligrams, but usually ranges 
from 1500 to 2200 milligrams per person. Skin contact to as little as 4 milligrams can produce irritation. 
Skin contact to as little as 10 to 25 milligrams can lead to formation of soars and or lesions. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as disabling agent): 8 


Field Stability: 7 


Persistence (open area): 6 


Storage stability: 9 


Persistence (enclosed area): 9 


Toxicity (as disabling agent): 9 


TOTAL EFFECTIVENESS (as disabling agent): 8 
OVERALL TOXICITY (as warfare agent): 242 
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Into a suitable flask, place 160 grams of bromine, and then bubble 116 grams of chlorine gas into the bromine 
over a period of about 3 or 4 hours. Afterwards, into a clean flask (equipped with two addition funnels, and electric 
stirrer), place 500 milliliters of carbon tetrachloride. 500 milliliters of water, and then 62 grams of 
nitromethane. Then place this mixture into an ice bath, and chill to 0 Celsius. Thereafter prepare a solution by 
adding and dissolving 56 grams of potassium hydroxide into 500 milliliters of cold water, Note: The addition of 
the potassium hydroxide to water produces much heat; allow this solution to cool to room temperature before using. 
Once the potassium hydroxide solution has cooled, place it into the first addition funnel. Then place the 
bromine/chlorine mixture into the other addition funnel, and then add both solutions (the potassium hydroxide 
solution, and the bromine/chlorine mixture) over a period of about 60 minutes while stirring the reaction mixture 
and keeping its temperature below 10 Celsius during both simultancous additions. Note: the rate of addition of both 
solutions should be slightly even, with the bromine/chlorine mixture being added just slightly faster, so it’s addition 
to the reaction mixture will be complete before the potassium hydroxides. After the addition of both solutions, stir 
the reaction mixture at below 10 Celsius for about 60 minutes, and then place the entire reaction mixture into a 
separatory funnel, and remove the lower organic layer. Thereafter, place this lower organic layer into a rotary 
evaporator, and evaporate-off the carbon tetrachloride under vacuum. After the carbon tetrachloride has been 
removed, the remaining residue will contain about 15% chlorodibromopicrin, 75% bromopicrin, and 10% inert 
impurities. This mixture can be used directly in military operations, if desired, when properly disseminated. Note: 
This mixture can be further purified by placing the remaining residue into a clean vacuum distillation apparatus, 
and fractionally distilling the mixture at 130 Celsius under a high vacuum to obtain a fraction containing 80% 
bromopicrin, and 20% chlorodibromopicrin. This mixture need not be purified any further for use in improvised 
military operations. 


3. DA. Diphenylchloroarsine 


i 
aa A 
Hc CH 
a a 
Molecular Formula: C)2H)gAsCl Formula Weight: 264.5824 
Composition: C(54.47%) H(3.81%) RDBE: 8 
As(28.32%) Cl(13.40%) 
Monoisotopic Mass: 263.9687 Da Nominal Mass: 264 Da 
Average Mass: 264.5824 Da M+: 263.968151 Da 
M-: 263.969249 Da [M+H]+: 264.975976 Da 
[M+H]-: 264.977074 Da [M-H]+: 262.960326 Da 
[M-H]-: 262.961424 Da Smiles: Cl[As](clcceecl )clececcl 
InChI = 1S/C12H10AsCV/ce14-13(11- 
7-3-1-4-8-1 1) 12-9-5-2-6-10-12/h1- 
10H 


Diphenylchloroarsine forms colorless to brownish colored crystals, which are odorless. It has a melting point of 41 
Celsius, and a boiling point of about 333 Celsius. When impure, it may begin to decompose when heated to 200+ 
Celsius. Diphenylchloroarsine is very stable, and its persistence in the environment is quite good, ranging from to 3 
days to 2 weeks. Reports have stated its persistence in warm and dry climates to be as high 4 weeks under affluent 
conditions. Pure diphenylchloroarsine has no odor, but the impure agent may have a sharp biting or sour smell. It is 
an excellent vomiting agent, and it causes nausea and vomiting on inhalation or ingestion. Skin exposure to 
diphenylchloroarsine may cause localized irritation, followed by swelling. Diphenylchloroarsine is hardly ever fatal 
when inhaled. Diphenylchloroarsine produces immediate irritation upon inhalation, and hence the agent is easily 
detected. Inhalation of the agent also irritates the nose and throat, and produces cold like symptoms with stuffy 
nose, coughing, and headache. Skin absorption, inhalation, or ingestion seldom leads to systematic poisoning, even 
in high concentrations. Diphenylchloroarsine is an out standing tear gas agent capable of dispersing large crowds of 
people immediately; however, due to certain human rights organizations, its use in riot control has been banned due 
to its “violent” nature as a riot control agent. Contact of the vapor with the eyes leads to immediate irritation, 
followed by runny eyes and redness, but the irritation is less then other arsenic agents. Its severe nature of 
producing nausea, vomiting, and headaches is the main reason its use has been banned as a riot control agent upon 
civilians; nevertheless, its use against military personnel is more then adequate to produce casualties. Personnel 
exposed to the agent will most likely have the urge to “flee”, or run away from the contaminated area. Exposed 
personnel who put on their gas masks after said agent is detected or disseminated, will feel a strong urge to remove 
their masks due to feelings of “Confinement” and cold and flu like symptoms rendering coughing, clogged and 
congested nasal passages, general nose and throat irritation, headaches, and especially nausea and vomiting. As a 
result, diphenylchloroarsine can be used before hand, and/or along with lethal agents such as nerve agents or blood 
agents where it is desired to get personnel to remove their masks, thus exposing said personnel to the lethal nerve or 
blood agent in question. Diphenylchloroarsine should be disseminated in the form of aerosol or from pyrotechnic 
smoke generating munitions. Diphenylchloroarsine is a fast acting incapacitating agent capable of producing 
casualties within minutes of dissemination. The agent is an extremely effective riot control agent, and 
vomiting agent. Minimum incapacitating dosage ranges from 5 to 15 milligrams through inhalation. The 
lethal dose through inhalation in the average man is as high as 8 grams per person; diphenylchloroarsine is 
regarded as non-toxic. Decontamination is not needed under most conditions. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as disabling agent): 9 Field Stability: 9 
Persistence (open area): 8 | Storage stability: 10 
Persistence (enclosed area): 10 | Toxicity (as disabling agent): 9 
TOTAL EFFECTIVENESS (as disabling agent): 9.1 
OVERALL TOXICITY (as warfare agent): 12 
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Into a suitable flask equipped with mechanical stirrer, thermometer, and addition funnel, place 71 grams of 
benzene followed by 3 grams of anhydrous aluminum chloride. Then place the flask containing the benzene into 
a warm water bath and heat to 35 Celsius. Then place 82 grams of anhydrous arsenic trichloride into the addition 
funnel. Thereafter, slowly add drop wise, the arsenic trichloride to the benzene mixture over a period of several 

hours while keeping the temperature of the reaction mixture at 35 Celsius at all times. Note: During the addition, 
heat will be evolved. During the addition of the arsenic trichloride, vigorously stir the reaction mixture. After the 
addition of the arsenic trichloride, vigorously stir the reaction mixture for 1 hour at a temperature of about 35 
Celsius, and then remove the warm water bath. Thereafter, allow the reaction mixture to cool to room temperature, 
and then place it into a cold-water bath and chill to 10 Celsius. Then quickly wash the reaction mixture (which will 
be mostly solid material) with 100 milliliters of pre chilled ice-cold water, and stir the mixture for several minutes. 
Afterwards, filter-off the insoluble diphenylchloroarsine solid, wash with 50 milliliters of ice-cold water (several 
times with the same washing portion), and then vacuum dry or air-dry the solid product under mild suction. Then 
recrystallize the solid product from 500 milliliters of dry hexanes, and after the recrystallization process, vacuum 
dry or air-dry the product under mild vacuum. 


4, DM. Adamsite. Phenarsazine chloride. Diphenylaminechloroarsine; 10-Chloro- 
5,10-dihydrophenarsazine 


CH—CH 
H 
N ff 
f es. 
iN / CH 
uel C—As 
CH—CH cl 
Molecular Formula: CizHoAsCIN Formula Weight: 277.581 16 
Composition: C(51.92%) H(3.27%) RDBE: 9 
As(26.99%) Cl(12.77%) N(5.05%) 
Monoisotopic Mass: 276.963949 Da Nominal Mass: 277 Da 
Average Mass: 277.5812 Da M+: 276.9634 Da 
M-: 276.964498 Da [M+H]+: 277.971225 Da 
[M+H]-: 277.972323 Da [M-H]+: 275.955575 Da 
[M-H]-: 275.956673 Da Smiles: 
CI[As]]c2cccee2Ne2cccec 12 
InChI = 1S/C12H9AsCIN/c14-13-9-5- 
1-3-7-11(9)15-12-8-4-2-6- 
10(12)13/h1-8,15H 


Adamsite forms yellowish to canary-yellow crystals. Impure adamsite may have a greenish to yellowish green 
appearance. Adamsite has a melting point of 195 Celsius, and a boiling point of 410 Celsius (with decomposition 
starting at 400+ Celsius). Adamsite is not considered to be volatile under normal conditions, but it may demonstrate 
a slight degree of volatility under warm conditions. It can last in the environment for up to 2 weeks under normal 
environmental conditions. Adamsite can persist within enclosed areas for months, but due to the lack of volatility, 
this only poses a threat to skin contact. General skin contact can lead to mild irritation and itching, with larger 
concentrations of vapor or solid on the skin leading to severe itching; adamsite is not capable of producing soars, 
lesions, or blisters even under high concentrations. Adamsite is a vomiting agent similar to diphenylchloroarsine. It 
produces severe irritation upon inhalation leading to fluid build up and severe nasal congestion. Nausea and 
vomiting usually follows within minutes or hours after inhalation of the agent. Adamsite is relatively non-toxic, and 
its use in riot control has been approved by most agencies. A combination of adamsite and chloroacetophenone 
comprises common riot control mixtures used by police and law enforcement personnel. It is preferred to use 
adamsite alone or in combination with diphenylchloroarsine to harass, and irritate enemy personnel on the 
battlefield. As with other vomiting agents, any exposed personnel to the vapor will be left with severe congestion, 
irritation, and nausea making it very difficult for the exposed personnel to keep their gas masks on; as a result, 
adamsite can be used along with lethal agents to produce casualties on the battlefield. Adamsite is capable of 
producing eye irritation, but with a much lesser extent then other riot control agents. Adamsite primarily targets the 
nose and throat, and inhalation of the vapor produces immediate irritation followed by cold and flu like symptoms; 
effects such as headache, stuffy and congested nose, irritating soar throat, coughing, dizziness, nausea, and 
vomiting. Adamsite is readily destroyed by bleach, or strong alkalies. Adamsite is a rapid fast acting vomiting 
and riot control agent capable of producing casualties within minutes of dissemination. The lethal dose 
through inhalation in the average man is about 3000 to 4000 milligrams per person, but may be as high 
10,000 milligrams. Inhalation of as little as 10 milligrams can lead to irritation. Skin contact to small doses 
raging from 5 to 15 milligrams may produce itching and general irritation. Eye exposure to adamsite may 
result in mild tearing and/or irritation. As little as 10 milligrams may produce tearing, but much higher 
concentrations are normally needed to effect the eyes. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as disabling agent): 7 Field Stability: 9 
Persistence (open area): 9 | Storage stability: 10 
Persistence (enclosed area): 9 | Toxicity (as disabling agent): 6 
TOTAL EFFECTIVENESS (as disabling agent): 8.3 
OVERALL TOXICITY (as warfare agent): 112 
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Into a suitable flask, add 50 milliliters of benzene, and 37 grams of diphenylamine. Then stir the mixture to 
dissolve the diphenylamine. When the diphenylamine dissolves, add 17 grams of pyridine, and then stir the 
mixture for 30 minutes at room temperature. Then bring the mixture to reflux at 80 Celsius with stirring. When the 
mixture reaches 80 Celsius under reflux, slowly add drop wise, 39.6 grams of arsenic trichloride over a period 
sufficient as to keep the reaction mixtures temperature around 80 Celsius. After the addition of the arsenic 
trichloride, continue to reflux the reaction mixture at 80 Celsius for | hour. Then remove the heat source, and allow 
the reaction mixture to cool to room temperature. Thereafter, place the reaction mixture into an ice bath and chill to 
10 Celsius. Then filter-off all precipitated solids, and then place the filtered-off reaction mixture aside (will contain 
mostly benzene, and some dissolved product). Then place the filtered-off solids into 500 milliliters of ice water, 
and then stir the mixture for about | hour. Thereafter, filter-off the un-dissolved solids, which will be the desired 
product, and then wash these solids with 100 milliliters of fresh ice water, and then vacuum dry or air-dry the 
solids. The result will be adamsite with a purity of about 98%. Note: some more adamsite can be obtained by 
evaporating the filtered-off reaction mixture (composed primarily of benzene), until dry solid remains. This dry 
remaining solid will be predominantly adamsite. Note: The aforementioned ice water previously filtered to recover 
the desired product will contain dissolved pyridine hydrochloride. This pyridine can be recovered by mixing with a 
warm solution of sodium carbonate, followed by distillation to recover the pyridine. 


5. Chloroacetone. 1-Chloro-2-propanone 


Cl 


HC CH, 
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Molecular Formula: C;H;ClO 
Composition: C(38.94%) H(5.45%) 
Cl(38.32%) O(17.29%) 


Formula Weight: 92.5242 
Molar Refractivity: 20.82 + 0.3 cm? 


Molar Volume: 86.5 + 3.0 cm” 


Parachor: 195.0 + 4.0 em> 


Index of Refraction: 1.396 + 0.02 


Surface Tension: 25.7 + 3.0 dyne/em 


Density: 1.068 + 0.06 g/cm’ 
RDBE: 1 
Nominal Mass: 92 Da 


Polarizability: 8.25 + 0.5 10cm’? 
Monoisotopic Mass: 92.002892 Da 
Average Mass: 92.5242 Da 


M+: 92.002344 Da 


M-: 92.003441 Da 


[M+H]+: 93.010169 Da 


[M+H]-: 93.011266 Da 


[M-H]-: 90.995616 Da 
InChI = 1S/C3HS5C1O0/c1-3(5)2- 
4/h2H2, 1H3 


[M-H]+: 90.994519 Da 
Smiles: CC(=O)CC1 


Chloroacetone forms a colorless slightly oily liquid with a pungent and irritating odor. It has a melting point of -45 
Celsius, and a boiling point of 120 Celsius. It is volatile with steam, and hence, can be steam distilled. 
Chloroacetone is soluble in water to about 10% by weight, but it is miscible with alcohol, ether, and chloroform. 
Pure chloroacetone tends to darken on exposure to light due to polymerization, and it can be stabilized by the 
addition of a small amount of water, or calcium carbonate. Chloroacetone is a potent eye irritant. Eye exposure to 
this agent produces severe eye pain and irritation: effects of which last for hours. Chloroacetone can be used in riot 
control operations, when diluted with water, or used in military operations when pure and stabilized. Chloroacetone 
is volatile under normal conditions, and its persistence in the environment is low; ranges from 8 hours to 2 days. Its 
persistence within enclosed areas can be from 12 hours to 1 week depending on ventilation, and rooms’ 
contaminated with chloroacetone vapor can become uninhabitable for days. Inhalation of the vapor produces 
immediate and severe nose and throat irritation followed by congestion and soar throat; effects which are only short 
lived. The nasal passages are easily detoxified within minutes of exposure, and irritation and pain subside within a 
short time. Skin contact to the vapor or liquid can produce irritation, redness, and itching with effects lasting from a 
few minutes to several hours. Chloroacetone is a highly effective irritant, which can be used against 
rioters/protestors when diluted in water or other solvent, or on the battlefield to aggravate, harass, and confuse 
enemy troops when pure and stabilized. Chloroacetone is relatively nontoxic compared to other warfare agents, and 
it produces no permanent illness upon exposed personnel. Due to its severe irritation and acute toxicity to the eyes, 
chloroacetone can be used to incapacitate anyone exposed to it, whether disseminated in dilute solution or when 
pure. Exposed personnel to this agent through the eyes will suffer from severe eye pain, discomfort, and irritation 
for hours, making it almost impossible for the average person to carryout their normal duties. Chloroacetone can be 
disseminated from aerosols, explosives munitions, atomizers or humidifiers, and foggers. It is easily 
decontaminated with bleach, or strong alkali. Chloroacetone is a fast acting irritant, capable of causing 
casualties within minutes of dissemination. Eye contact to as little as 0.4 milligrams can cause pain and 
irritation. Skin contact to as little as 15 to 50 milligrams can lead to redness, rash, itching, and/or local 
discomfort. Inhalation of as little as 1 milligrams can lead to severe nose and throat irritation and 
discomfort. The lethal dose through inhalation can be as high 10,000 milligrams in the average person. The 
target organ of chloroacetone is the eyes, from which it is intensely irritating. Note: Solutions of 
chloroacetone in water can be used in “mace” type dispensing canisters, and it is 5 times more potent then 
the original “‘mace’’, and 12 times more potent then “pepper” spray. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as irritant agent): 9 


Field Stability: 8 


Persistence (open area): 3 


Storage stability: 8 


Persistence (enclosed area): 7 


Toxicity (as irritant agent): 9 


TOTAL EFFECTIVENESS (as irritant agent): 7.3 


OVERALL TOXICITY (as warfare agent): 1% 
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Into a suitable flask, place 30 grams of acetone, 550 milliliters of water, and then 5 small drops of cone. sulfuric 
acid. Thereafter, place the mixture into a cold-water bath, and chill to about 15 to 20 Celsius. Then bubble 36.6 
grams of chlorine gas into the mixture over a period ranging from 2 to 6 hours. During the addition of the 
chlorine, continuously stir the acetone mixture. After the addition of the chlorine, stir the reaction mixture for 30 
minutes, and then remove the cold-water bath. Note: The resulting reaction mixture at this point can be used 
directly in riot control operations. If the chloroacetone is to be used in military operations, it can be separated and 
purified by the following process: Extract the reaction mixture with five 50-milliliter portions of methylene 
chloride (or chloroform), and after each extraction, combine all extraction portions (if not already done so), and 
then dry the combined solvent extracts by adding 10 grams of anhydrous calcium chloride, and then stirring the 
mixture for several minutes; followed by filtration to remove the calcium chloride. Afterwards, place the filtered 
mixture into a rotary evaporator, or vacuum distillation apparatus and evaporate-off the solvent. Evaporation of the 
solvent will leave the chloroacetone behind, which it can then be recovered. The resulting chloroacetone should 
then be stabilized by the addition of 1 milliliter of regular tap water. The resulting chloroacetone should then be 
stored in an amber glass bottle in a refrigerator until use to prevent any possible polymerization. 


6. Dichloroacetone. 7,1-Dichloro-2-propanone; 1,1-dichloroacetone 


Molecular Formula: C3;H,Cl,O0 


Formula Weight: 126.96926 


Composition: C(28.38%) H(3.18%) 
Cl(55.85%) O11 2.60%) 


Molar Refractivity: 25.63 + 0.3 em? | 


Molar Volume: 98.3 + 3.0 cm? 


Parachor: 230.8 + 4.0 cm* 


Index of Refraction: 1.434 + 0.02 


Surface Tension: 30.3 + 3.0 dyne/em 


Density: 1.291 + 0.06 g/cm 


Polarizability: 10.16 + 0.5 10cm* 


RDBE: 1 
Nominal Mass: 126 Da 


Monoisotopic Mass: 125.96392 Da 
Average Mass: 126.9693 Da 


M+: 125.963372 Da 


M-: 125.964469 Da 


[M+H]+: 126.971197 Da 


[M+H]-: 126.972294 Da 


[M-H]+: 124.955547 Da 


[M-H]-: 124.956644 Da 


Smiles: CIC(C])C(C)=O 


InChI = 1S/C3H4C120/c1- 


2(6)3(4)5/h3H, 1 H3 


Dichloroacetone is similar to chloroacetone in its effects and duration. It is an oily liquid with a boiling point of 120 
Celsius. It is not very soluble in water, but its soluble in alcohol, and miscible with ether. Dichloroacetone is more 
persistent then chloroacetone, but it is still relatively volatile under normal conditions; its persistence in the 
environment ranges from 12 hours to 2 days. Dichloroacetone is intensely irritating to the eyes, nose, and throat. 
Like chloroacetone, rooms, tunnels, and the like contaminated with Dichloroacetone can become uninhabitable for 
days. Dichloroacetone is highly irritating to the eyes, from which it will produce severe eye pain and irritation; 
effects which can last for hours. Skin contact to the agent can produce irritation, itching, and redness. Reports have 
indicated that dichloroacetone may have vesicant properties, but this cannot be confirmed. Dichloroacetone can be 
used as an effective riot control agent, but its use in military operations is relatively limited. It can be disseminated 
from aerosols, explosives munitions, atomizers or humidifiers, and foggers. Dichloroacetone is a fast acting 
irritant, capable of causing casualties within minutes of dissemination. Eye contact to as little as 1.5 
milligrams can cause pain and irritation. Skin contact to as little as 7 to 20 milligrams can lead to redness, 
rash, itching, and/or local discomfort. Inhalation of as little as 3.5 milligrams can lead to severe nose and 
throat irritation and discomfort. The lethal dose through inhalation can be as high 10,000 milligrams in the 
average person. The target organ of dichloroacetone is the eyes, from which it is intensely irritating. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as irritant agent): 7 


Field Stability: 8 


Persistence (open area): 6 


Storage stability: 8 


Persistence (enclosed area): 9 


Toxicity (as irritant agent): 9 


TOTAL EFFECTIVENESS (as irritant agent): 7.8 
OVERALL TOXICITY (as warfare agent): 112 
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Into a suitable flask, place 30 grams of acetone, 75 milliliters of water, and then 5 small drops of cone. sulfuric 
acid. Thereafter, bubble 73 grams of chlorine gas into the mixture over a period ranging from 3 to 8 hours. During 
the addition of the chlorine, rapidly and continuously stir the acetone mixture. After the addition of the chlorine, 
place the entire reaction mixture into an ice bath, and chill to 5 Celsius. Then place the entire reaction mixture into 
a separatory funnel, and then drain-off the bottom oily layer, which will be predominantly dichloroacetone. Then 

dry this dichloroacetone layer by adding 15 grams of anhydrous calcium chloride, and then stir the mixture for 
several minutes; thereafter, filter-off the calcium chloride. The resulting dichloroacetone will be about 95% pure, 
and will contain small amounts of chloroacetone, |,3-dichloroacetone, and hydrogen chloride. Note: This 95% pure 
dichloroacetone is well suitable for use in riot control operations, or military operations, and need not be purified. It 
should then be stored in an amber glass bottle in a refrigerator until use to prevent any possible polymerization. 


7, Bromoacetone. 1-Bromo-2-propanone 


Br 


HC 


ie) 


Molecular Formula: C;H;BrO 


Formula Weight: 136.9752 


Composition: C(26.31%) H(3.68%) 
Br(58.33%) O(11.68%) 


Molar Refractivity: 23.70 + 0.3 em? 


Molar Volume: 88.3 + 3.0 cm> 


Parachor: 208.7 + 4.0 cm? 


Index of Refraction: 1.449 + 0.02 


Surface Tension: 31.1 + 3.0 dyne/em 


Density: 1.550 + 0.06 g/cm’ 


Polarizability: 9.39 + 0.5 10°4cm’ 


RDBE: | 
Nominal Mass: 136 Da 


Monoisotopic Mass: 135.95237 Da 
Average Mass: 136.9752 Da 


M+: 135.951821 Da 


M-: 135.952918 Da 


[M+H]+: 136.959646 Da 
[M-H]+: 134.943996 Da 


[M+H]-: 136.960743 Da 
[M-H]-: 134.945093 Da 


Smiles: CC(=O)CBr 


InChl = 1S/C3H5BrO/c1-3(5)2- 


4/h2H2, 1H3 


Bromoacetone forms an oily colorless liquid with a melting point of -36 Celsius, and a boiling point of 137 

Celsius. It can be distilled at 64 Celsius under a vacuum of 50 milliliters of mercury. Bromoacetone tends to 
deteriorate on standing from which it turns violet in color, and may become turbid even in the absence of air: 
bromoacetone is relatively unstable and should be used within | month after preparation. It is insoluble in water, 

but soluble in alcohol, acetone and other common solvents. The persistence of bromoacetone in the environment is 
low, due to volatization. Open areas contaminated with this agent will remain contaminated for several hours to 
several days under normal conditions. Within enclosed areas such as rooms, tunnels, bunkers, and the like, 
bromoacetone can persist for up to | week under poor ventilation conditions. Rooms’ contaminated with 
bromoacetone can become uninhabitable by persons for up to 1 week. Bromoacetone is a potent and violent 
lachrymator agent, and its use in riot control operations has been questioned due to its violent irritating nature. The 
vapor or liquid is highly irritating to the eyes, skin, nose, and throat. Eye contact will produce immediate and severe 
pain; effects which can last for hours. Inhalation of the vapor can lead to severe nose and throat irritation and 
discomfort with excessive fluid build-up and painful soar throat resulting within minutes. The vapor or liquid on 

the skin can produce irritation, itching, and soars within moments of contact leading to the possible formation of 
blisters within 8 hours. Bromoacetone is probably too violent in nature to be used as a riot control agent, but it can 
be highly effective on the battlefield. It can be used to harass. confuse, and irritate enemy personnel. As with other 
irritants, bromoacetone is more effective at getting enemy personnel to de-mask shortly after being exposed to said 
agent. Personnel exposed to bromoacetone will quickly be overcome with severe eye irritation, nausea, itching, 
congestion, and soar throat that they will be unable to keep their gas masks on. Exposed personnel will have a great 
urge to flee the contaminated area immediately; hence bromoacetone could be used to warn-off intruders in 

classified or high security areas. Bromoacetone is best disseminated from aerosols, atomizers or humidifiers, or 
foggers. It can be easily decontaminated with bleach or strong alkali. Bromoacetone is a violent, rapid acting 
casualty producing agent capable of causing causalities within minutes of dissemination. Eye exposure to as 
little as 0.1 milligram can lead to pain and irritation. Inhalation of as little as 0.9 to 3 milligrams can lead to 
coughing, nose and throat irritation, and congestion. Inhalation of higher concentrations may lead to severe 
soar throat, nasal congestion, and serious discomfort. Skin contact to as little as 10 to 20 milligrams can 
produce irritation, itching, swelling, and general discomfort. Skin exposure to 25 to 55 milligrams may lead 
to blisters if untreated. The lethal dose through inhalation in the average man ranges from 2000 to 5000 
milligrams per person. 


OVERALL 


RATING (scale from 1 to 10) 


Effectiveness (as irritant agent): 9 


Field Stability: 5 


Persistence (open area): 4 


| Storage stability: 2 


Persistence (enclosed area): 6 


| Toxicity (as irritant agent): 10 


TOTAL EFFECTIVENESS (as irritant agent): 6 
OVERALL TOXICITY (as warfare agent): 2 


POTENT EYE 


WARNING! 
POTENT EYE 
ABSORPTION 


LACRIMATORY IRRITANT IRRITANT = 
PREPARATION I: 
Br 
Oe Pa h = hlorid 

methylene chloride H2C CH; 

c H,SO,q 
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e) 

acetone 
bromoacetone 


Into a suitable flask, place 100 milliliters of methylene chloride, 37 grams of acetone, and then 5 small drops of 
cone. sulfuric acid. Thereafter, place this mixture into a cold-water bath, and chill to about 15 Celsius. Then 
prepare a bromine solution by adding and dissolving 101 grams of liquid bromine into 200 milliliters of 
methylene chloride, and then add drop wise, this bromine/methylene chloride solution to the acetone solution over 
a period of about 2 hours while vigorously stirring the acetone solution, and keeping its temperature below 20 
Celsius. After the addition of bromine solution, continue to stir the reaction mixture for | hour at a temperature 
below 20 Celsius. Then add 100 milliliters of ice-cold water, and then stir the reaction mixture for 1 hour. 
Thereafter, place the reaction mixture into a separatory funnel, and remove the bottom methylene chloride layer. 
Then place this bottom methylene chloride layer into a rotary evaporator or vacuum distillation apparatus, and 
remove the solvent under mild vacuum, or through distillation at 40 Celsius. After the methylene chloride solvent 
has been removed, remove the remaining liquid (which is bromoacetone), and then store this liquid in an amber 
glass bottle in a refrigerator until use. The bromoacetone will have a purity of about 95%, and will contain small 
amounts of impurities, but this 95% pure bromoacetone is well suitable for field use. Note: If desired, this 95% 
bromoacetone can be distilled at 64 Celsius, and under a vacuum of 50 millimeters of mercury to obtain a purified 
bromoacetone product of 98% purity. Note: Purification of the bromoacetone is not required for general field use. 
Purification of the bromoacetone is desired only if the bromoacetone is to be combined with other agents. The 95% 
and 98% bromoacetone should be used within | month of preparation, as they will both slowly decompose upon 
long standing. For long storage periods, the bromoacetone should be stored in a suitable solvent such as methylene 
chloride, chloroform, or any suitable solvent free from water. 


8. DIIMINE. DIM. N,N’-bis-Isopropylethylenediimine 


H3C 


CH——CH3 


CH3 


Molecular Formula: CgHisN2 


Formula Weight: 140.22604 


Composition: C(68.52%) H(11.50%) 
N(19.98%) 
Molar Volume: 167.0 + 7.0 cm” 


Molar Refractivity: 44.77 + 0.5 cm? 


Parachor: 372.6 + 8.0 em? 


Index of Refraction: 1.448 + 0.05 


Surface Tension: 24.7 + 7.0 dyne/em 


Density: 0.83 + 0.1 g/cm* 


Polarizability: 17.75 + 0.5 10-24cm” 


RDBE: 2 


Monoisotopic Mass: 140.131349 Da 


Nominal Mass: 140 Da 


Average Mass: 140.226 Da 


M+: 140.1308 Da 


M-: 140.131897 Da 


[M+H]+: 141.138625 Da 


[M+H]-: 141.139722 Da 


[M-H]+: 139.122975 Da 
Smiles: CC(C)/N=C\C=N/C(C)C 


[M-H]-: 139.124072 Da 


| InChI = 1S/C8H16N2/c1-7(2)9-5-6- 


10-8(3)4/h5-8H, 1-4H3/b9-5-,10-6- 


DIIMINE forms tan to lightly colored crystalline needles with a melting point of 48 Celsius. DI[MINE is soluble in 
the usual organic solvents. It is volatile under normal conditions, and can be readily sublimed at low temperature 
under vacuum. Due to DITMINE’s volatility, its persistence in the environment is very poor: it may last up to 

several hours under normal conditions. Its persistence within enclosed areas is improved, ranging from 2 to 12 

hours under normal conditions, and rooms’ contaminated with DITMINE can be rendered uninhabitable for up to 
several hours. DITMINE is an effective riot control agent, and its effects are instantaneous and severe. When 
disseminated under the usual techniques, it can render severe irritation to any exposed personnel. Inhalation of the 
agent produces the usual symptoms; irritation to the nose and throat with congestion and profuse nasal discharge. 

Eye exposure can lead to irritation and severe watering. The effects of exposure to DITMINE are relatively short, 
lasting from 5 minutes to 1 hour, but the effects are severe. DITMINE can be used in riot control operations for 

either police or other public authorities, or by military personnel for crowd control. DITMINE is not suitable for 
battlefield use due to its short duration of effects. DIIMINE has little effect on the skin. It’s most effectively 
disseminated through acrosols, smoke generating munitions, and explosives munitions. DITMINE is readily 
decontaminated with bleach. DIIMINE is a fast acting riot control agent capable of irritating exposed 
personnel within minutes of dissemination. Inhalation of as little 5 milligrams can lead to irritation and 
congestion. DITMINE is not considered to be a skin irritant, but eye exposure to as little as 15 milligrams can 
lead to watering and eye irritation. The lethal dose through the average man is unknown, but is calculated to 
be very high; DIIMINE is regarded as non-toxic. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as riot control agent): 9 


Field Stability: 9 


Persistence (open area): 4 


Storage stability: 9 


Persistence (enclosed area): 4 


Toxicity (as riot control agent): 8 


TOTAL EFFECTIVENESS (as riot control agent): 7.1 
OVERALL TOXICITY (as warfare agent): | 


PREPARATION I: 
H3C 
o 3 
2H3C CH; CH—CH N==CH CH——CH, 

i ff 

| 2 » = H3C—HC CH—=N 

NH> CHs 
isopropylamine DIIMINE 


Into a suitable flask, place 118 grams of isopropylamine, and then chill this flask to 0 Celsius by means of salt/ice 
bath. When the temperature of the isopropylamine reaches 0 Celsius, slowly add drop wise, 145 grams of a 40% 
glyoxal solution over a period sufficient to keep the reaction mixture at 0 Celsius at all times. During the addition 
of the 40% glyoxal solution, moderately stir the reaction mixture. After the addition of the 40% glyoxal solution, 
remove the ice/salt bath, and then allow the reaction mixture to warm to room temperature. Thereafter, let the 
mixture stand for 2 days at room temperature. Note: After two days, the reaction mixture will be a semi-solid mass. 
After two days, gently warm the reaction mixture, which is a semi-solid mass until the reaction mixture becomes a 
liquid. At this point two layers will form. Then place this entire reaction mixture into a separatory funnel, and 
collect the upper liquid layer by removing the lower layer first. Note: The separatory funnel should be gently 
warmed as well to keep the two-layer reaction mixture liquid, so the upper layer can be efficiently separated and 
recovered. After the upper liquid layer has been removed, place it into a beaker, and allow it to stand until it 
solidifies. After it has solidified, place the solid mass into 500 milliliters of previously warmed diethyl ether, and 
stir it until it dissolves. Thereafter, place this diethyl ether mixture into a pure dry ice bath, and let it chill for 
several hours to precipitate the desired solid product. Then remove the diethyl ether mixture from the dry ice bath, 
and then filter-off the precipitated solid product, and then vacuum dry under a very mild vacuum, or allow it to air 
dry. Note: The drying process of the solid product should be handled with care, as the solid product is very volatile. 
The dry solid product will weight about 108 grams, and will be in the form of crystalline needles. Note: the 
resulting dry solid product should be stored in a desiccator in a refrigerator until use. The desiccator should be 

filled with anhydrous calcium chloride. 


9. CS. o-Chlorobenzalmalononitrile; 8, 6-dicyano-o-chlorostyrene; o- 
Chlorobenzylidenemalononitrile 


), 

Cl a : 

“ Nw \ 
wae 4 


Molecular Formula: CiyvHsClIN2 Formula Weight: 188.6131 


Composition: C(63.68%) H(2.67%) 
Cl(18.80%) N(14.85%) 


Molar Refractivity: 51.34 + 0.3 em? 


Molar Volume: 145.4 + 3.0 cm* 


Parachor: 398.6 + 4.0 cm? 


Index of Refraction: 1.623 + 0.02 


Surface Tension: 56.4 + 3.0 dyne/em 


Density: 1.296 + 0.06 g/cm* 


Polarizability: 20.35 + 0.5 10-24cm* 


RDBE: 9 


Monoisotopic Mass: 188.014126 Da 


Nominal Mass: 188 Da 


Average Mass: 188.6131 Da 


M+: 188.013577 Da 


M-: 188.014674 Da 


[M+H]+: 189.021402 Da 
[M-H]+: 187.005752 Da 


[M+H]-: 189.0225 Da 
[M-H]-: 187.006849 Da 


Smiles: Clelecece1/C=C(\C#N)C#HN 


InChl = 1S/C10HSCIN2/c11-10-4-2- 


1-3-9(10)5-8(6-12)7-13/h1-5H 


CS forms a white crystalline solid with a melting point of 95 Celsius. It has a pepper like smell in crystalline form, 
and an intense pungent odor when in vapor form. It can be distilled at 310 Celsius under standard atmospheric 
pressure. CS is only very slightly soluble in water, but soluble in acetone, dioxane, methylene chloride, and ethyl 
acetate. CS is a very common riot control agent used by the US military and civil police authorities. It is similar to 
DIIMINE in its rate of action and effects. Effects of exposure to CS are severe, but only last for periods ranging 
from 5 to 30 minutes. It can persists in the environment for only limited time; ranging from 1 hour two several days 
under normal conditions, but its regarded as non-persistent. CS in enclosed areas can persist for several hours to 
several days depending on ventilation conditions. Any rooms contaminated with CS will become uninhabitable for 
up to 12 hours or more. The vapor on inhalation cause immediate nose and throat irritation followed by profuse 
nasal congestion. Eye exposure also produces immediate irritation leading to severe tearing and drainage: excessive 
eye exposure to the vapor can lead to involuntary closing of the eye lids making exposed personnel unable to 
perform their regular duties. Skin exposure to the vapor can produce itching, irritation, and a sense of mild stinging 
or discomfort. CS can be used in military operations where it is desired to flush enemy personnel from rooms, 
bunkers, tunnels, or the like. CS has very little effect on the open battlefield. CS can easily be disseminated through 
aerosols, and smoke generating munitions. It should be decontaminated with hot soapy water, and the use of bleach 
should be avoided to prevent formation of cyanogen chloride. CS is fast acting riot control agent capable of 
producing casualties within minutes of dissemination. Eye exposure to 15 to 20 milligrams can lead to severe 
tearing, and eye irritation. Inhalation of as little as 25 milligrams can lead to severe nose, and throat 
irritation leading to serious nasal congestion, coughing, and general discomfort. Skin contact to 100 to 500 
milligrams of the vapor can lead to itching, stinging, and redness. CS is non-toxic. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as riot control agent): 8 


Field Stability: 10 


Persistence (open area): 5 


Storage stability: 9 


Persistence (enclosed area): 9 


Toxicity (as riot control agent): 8 


TOTAL EFFECTIVENESS (as riot control agent): 8.1 
OVERALL TOXICITY (as warfare agent): | 


PREPARATION I: 
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CH=CH 
o-chlorobenzaldehyde 


Into a suitable flask, place 1870 grams of methanol, followed by 230 grams of malononitrile, and then 500 
grams of o-chlorobenzaldehyde. Thereafter, gently heat the mixture to 40 Celsius, while moderately stirring. 
When the temperature of the reaction mixture reaches 40 Celsius, carefully add 800 milligrams of piperidine, and 
then raise the temperature to 50 Celsius. Thereafter, heat the mixture at 50 Celsius with stirring for about | hour. 
After 1 hour, remove the heat source and allow the reaction mixture to cool to room temperature. Then filter the 
reaction mixture to recover the precipitated CS crystals, and then wash these recovered crystals with two 100-gram 
portions of fresh methanol. Then vacuum dry or air-dry the CS crystals. Note: these methanol washing portions 
can be added to the filtered reaction mixture, and this resulting filtered reaction mixture can be used in a second 
formation of CS, when using the same ingredients as just described (230 grams of malonitrile/S00 grams of o- 
chlorobenzaldehyde; followed by 800 milligrams of piperidine catalyst; under the same conditions). The resulting 
dried CS crystals should then be stored in a cool dry place until use. 


10. CN. Chloroacetophenone. MACE. 2-Chloro-1-phenylethanone; 2- 


Chloroacetophenone 
\ 
4 
uch -s 
oe 4 
Molecular Formula: CsH7ClO Formula Weight: 154.59358 


Composition: C(62.15%) H(4.56%) | Molar Refractivity: 41.12 + 0.3 cm? 
Cl(22.93%) O110.35%) 


Molar Volume: 132.3 + 3.0 cm* Parachor: 330.8 + 4.0 cm? 
__Index of Refraction: 1.533 + 0.02 _| Surface Tension: 39.0 + 3.0 dyne/cm | 
Density: 1.168 + 0.06 g/em* Polarizability: 16.30 + 0.5 10cm 
RDBE: 5 Monoisotopic Mass: 154.018543 Da 
Nominal Mass: 154 Da Average Mass: 154.5936 Da 
M+: 154.017994 Da M-: 154.019091 Da 
[M+H]+: 155.025819 Da [M+H]-: 155.026916 Da 
[M-H]+: 153.010169 Da (M-H]-: 153.011266 Da 
Smiles: O=C(CCI)clecccel InChI = 18/C8H7CIO/c9-6-8(10)7- 


4-2-1-3-5-7/h1-5H,6H2 


CN forms colorless to white crystals with a melting point of 58 Celsius, and a boiling point 244 Celsius. The 
crystals have a slight apple odor, or odor of apple blossoms. The vapor has a characteristic pungent and irritating 
odor. CN is insoluble in water, but readily soluble in alcohol, chloroform, benzene, and hexanes. CN is a 

commonly used riot control agent used by police and civil authorities. CN is sometimes used by the military for riot 
control, especially when dissolved in chloroform, or benzene, but its overall use by the military is limited. CN 
causes general irritation to the nose, throat, and eyes. Eye exposure to the vapor causes moderate irritation with 
tearing and fluid drainage. Inhalation produces immediate irritation to the nose and throat leading to coughing, and 
congestion. Skin contact to CN can lead to mild irritation, and a sense of mild stinging under higher concentrations. 
The persistence of CN in the environment is very low; ranges from 30 minutes to several hours under normal 
conditions. CN can persist within enclosed areas for up to 2 days. CN is most commonly disseminated from smoke 
generating munitions, but numerous reports have noted that rioters and/or protestors can simply pick up the 

devices, and throw them back at the police. As a result, CN should be disseminated from aerosols for effective 
dissemination. CN can be decontaminated by washing with large amounts of hot soapy water. CN is a fast acting 
riot control agent capable of dispersing personnel within minutes of dissemination. Eye exposure to 25 to 50 
milligrams can produce irritation, and tearing. Inhalation of 50 to 80 milligrams can produce sneezing, 
coughing, irritation to nose and throat, and congestion. CN is regarded as non-toxic, but reports have shown 
chronic exposure may lead to slow systematic poisoning. 


OVERALL 


RATING (scale from 1 to 10) 


Effectiveness (as riot control agent): 6 


Field Stability: 9 


Persistence (open area): 4 


Storage stability: 9 


Persistence (enclosed area): 5 


Toxicity (as riot control agent): 7 


TOTAL EFFECTIVENESS (as riot control agent): 6.6 
OVERALL TOXICITY (as warfare agent): | 


PREPARATIONI: 
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CH—CH 
Chloroacetophenone 


CH=CH 
benzene 


Into a suitable flask, add 100 grams of dry benzene, and then add and dissolve 3 grams of anhydrous aluminum 
chloride. Thereafter, place this mixture into a cold-water bath, and chill to about 20 Celsius. Then slowly add drop 
wise, 43 grams of 2-chloroacetyl chloride over a period sufficient to keep the benzene mixture below 30 Celsius 
at all times. During the addition, rapidly stir the benzene mixture. After the addition of the 2-chloroacetyl chloride, 
continue to stir the reaction mixture for | hour at a temperature below 30 Celsius. Then add a solution prepared by 
adding 7.5 milliliters of conc. hydrochloric acid to 150 milliliters of ice water, and then add this acidic ice water 
solution to the reaction mixture at all once. Then stir the whole reaction mixture for about 20 minutes. Thereafter, 
carefully add a sodium hydroxide solution prepared by adding and dissolving 35.7 grams of sodium hydroxide 
into 564 milliliters of water, and then add this sodium hydroxide solution to the reaction mixture all at once. Note: 
Sodium hydroxide develops much heat when dissolved in water. Allow the sodium hydroxide solution to cool to 
room temperature, and then chill this sodium hydroxide solution to 5 Celsius by placing it into a freezer before 
adding it to the reaction mixture. After the addition of the sodium hydroxide solution, rapidly stir the whole 
reaction mixture for about 10 minutes. Thereafter, add 100 milliliters of methylene chloride to the reaction 
mixture, and then stir the reaction mixture for 30 minutes. Then place the reaction mixture into a separatory funnel, 
and drain-off the lower organic layer. Thereafter, quickly dry this lower organic layer by adding 10 grams of 
anhydrous calcium chloride, and then stir the mixture for 10 minutes; then filter-off the calcium chloride. Then 
place this filtered lower organic layer into a rotary evaporator, or vacuum distillation apparatus, and remove the 
methylene chloride, and excess benzene under vacuum until dry solid remains. When both solvents have been 
removed, and dry solid remains, remove this dry remaining solid, and then dissolve it into 300 milliliters of dry 
hexane. Note: A small amount of the dry solid may not dissolve, if this is the case, filter-off these insoluble 
impurities. Thereafter, recrystallize the desired product from the hexanes, and afterwards, vacuum dry or air-dry the 
collected crystals. The result will be about 60+ grams of dry CN crystals. Note: The dry CN crystals should be 
stored in amber glass bottles in a cool dry place until use. 


11. Bromobenzylcyanide. Camite. a@-Bromobenzeneacetonitrile; a Bromo-a-tolunitrile 


Molecular Formula: CgHsBrN 


Formula Weight: 196.04394 


Composition: C(49.01%) H(3.08%) 
Br(40.76%) N(7.14%) 


Molar Refractivity: 43.45 + 0.3 cm 


Molar Volume: 129.5 + 3.0 cm* 


Parachor: 342.9 + 4.0 cm* 


Index of Refraction: 1.585 + 0.02 


Surface Tension: 49.0 + 3.0 dyne/em 


Density: 1.513 + 0.06 g/cm’ 


Polarizability: 17.22 + 0.5 10°%cm* 


RDBE: 6 


Monoisotopic Mass: 194.968354 Da 


Nominal Mass: 195 Da 


Average Mass: 196.0439 Da 


M+: 194.967806 Da 
[M+H]+: 195.975631 Da 


M-: 194.968903 Da 
(M+H]-: 195.976728 Da 


[M-H]-: 193.961078 Da 
InChI = 1S/C8H6BrN/c9-8(6-10)7- 
4-2-1-3-5-7/h1-5,8H 


[M-H]+: 193.959981 Da 
Smiles: N#CC(Br)cl cecce1 


BBC forms a colorless to white crystalline mass with a melting point of 29 Celsius. The colorless to white 
crystalline mass may be a semi-solid mass. It has a boiling point of 242 Celsius (with decomposition beginning at 
200+ Celsius), but it can be easily distilled at 132 Celsius under a vacuum of 12 millimeters of mercury. BBC has a 
peculiar and pungent odor of sour fruit, and the vapor has an irritating and biting odor, with a sweet after taste. 
BBC is freely soluble in alcohol, ether, chloroform, acetone, and other common organic solvents. It was once used 
in riot control and in military operations to train troops, but the toxicity of BBC has reduced its use. Inhalation of 
the agent in high, or even low concentrations can be fetal within 30 to 50 minutes. Despite the toxicity of BBC, it is 
still an excellent riot control agent, and incapacitating agent. It can be used on the battlefield to harass, confuse, and 
disorient enemy troops. Inhalation of BBC produces immediate irritation leading to congestion, and fluid discharge. 
Eye exposure produces immediate irritation followed by tearing. Skin contact to the agent can lead to mild 
irritation, but BBC is generally regarded as non-toxic to skin contact. One interesting fact about BBC it that it is 
most effective when used in dilute concentrations. Dilute concentrations of the agent actually produces more 
irritation to the eyes, nose, and throat then high concentrations. As a result, BBC can be spread over a wide area 
using smaller quantities, with greater success rates of personnel exposure. The persistence of BBC is very low, due 
to its volatility, and it lingers in the environment for only 30 minutes to 1 hour under normal conditions. As with 
most other riot control agents, its persistence within enclosed areas is greatly improved. BBC can be disseminated 
from aerosols, smoke generating munitions, and explosives munitions. BBC should be decontaminated with a 
solution of sodium hydroxide in ethyl alcohol; bleach should be avoided to prevent formation of cyanogen bromide. 
BBC is a fast-acting casualty producing agent capable of producing casualties within minutes of 
dissemination. Eye contact to as little as 20 milligrams can produce irritation, redness, and watering. 
Inhalation of as little as 15 to 30 milligrams can lead to severe irritation, coughing, soar throat, congestion, 
and nasal discharges within minutes. The lethal dose through inhalation ranges from 2000 to 6000 
milligrams per person. Note: Reports have shown that inhalation to as little as 900 milligrams per liter of air 
over a period of 30 minutes can be fetal. BBC tends to be more toxic when in smaller concentrations. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as riot control agent): 9 Field Stability: 8 
Persistence (open area): 4 | Storage stability: 8 
Persistence (enclosed area): 8 | Toxicity (as riot control agent): 10 
TOTAL EFFECTIVENESS (as riot control agent): 7.8 
OVERALL TOXICITY (as warfare agent): 3/2 
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Bromobenzylcyanide 


Into a suitable flask, place 67 grams of benzyl chloride. Thereafter, prepare a solution by adding and dissolving 26 
grams of dry sodium cyanide into 474 grams of 99% ethyl alcohol. Thereafter, carefully add this sodium 
cyanide/ethyl alcohol solution to the benzyl chloride over a period of about 30 minutes while stirring the benzyl 
chloride. After the addition of the sodium cyanide/ethyl alcohol solution, reflux the entire reaction mixture at 78 
Celsius for 2 hours while stirring the reaction mixture. After refluxing the reaction mixture for 2 hours, remove the 
heat source, and allow the reaction mixture to cool to room temperature. Then filter the reaction mixture to remove 
insoluble impurities, and then place the filtered reaction mixture into a rotary evaporator or vacuum distillation 
apparatus, and remove the ethyl alcohol under vacuum. After the ethanol has been removed, remove the remaining 
residue (which will consist of benzyl cyanide), and place it into a clean flask. Thereafter, prepare a second solution 
by adding and dissolving 85 grams of liquid bromine into 450 grams of carbon tetrachloride. Then carefully 
add this bromine/carbon tetrachloride solution to the flask containing the residue of benzyl cyanide, and then stir 
the entire mixture to dissolve all products. Now, you can do either of the following: 1) place this flask containing 
the bromine/carbon tetrachloride/benzyl cyanide mixture onto a window ledge (with the window open), and allow 
the reaction mixture to be directly exposed to sunlight for 16 hours. 2) Instead of placing the bromine/carbon 
tetrachloride/benzyl cyanide mixture onto a window ledge, place under a laboratory UV lamp of high power, and 
photolyze it for 12 hours. Note: During the exposure to the sunlight or UV light, the bromine in the mixture will 
react with the benzyl cyanide producing the desired product, and hydrogen bromide gas as a by-product; use proper 
ventilation. After the appropriate amount of time (direct sunlight: 16 hours, or UV lamp: 12 hours), remove the 
entire reaction mixture from the flask, and place it into a clean beaker. Then wash this reaction mixture with a basic 


solution prepared by adding and dissolving 21 grams of sodium hydroxide into 329 milliliters of water; add this 
sodium hydroxide solution to the reaction mixture all at once. Note: Sodium hydroxide generates much heat when 
dissolved in water. Allow this sodium hydroxide solution to cool to room temperature before adding it. After the 
addition of the sodium hydroxide solution, vigorously stir the entire reaction mixture for 30 minutes. Then place the 
entire reaction mixture into a separatory funnel, and remove the lower organic layer. Then dry this lower organic 
layer by adding 25 grams of anhydrous sodium sulfate, and then stir the mixture for several minutes; followed by 
filtration to remove the sodium sulfate. Then place the filtered organic layer into a rotary evaporator or vacuum 
distillation apparatus, and carefully remove the carbon tetrachloride under vacuum. When all the carbon 
tetrachloride has been removed, remove the remaining residue (which will contain the desired product as a semi- 
solid mass), and then dissolve it into 150 grams of chloroform. Then quickly filter the mixture to remove any 
insoluble materials. Thereafter, recrystallize the desired product (Note: During the recrystallization process, the 
concentrated chloroform solution should be chilled in an ice bath to precipitate the desired crystals) from this 
chloroform solution, and then carefully dry the collected crystals in a desiccator filled with anhydrous sodium 
sulfate in a refrigerator until dry. Thereafter, store the crystals in an amber glass bottle in a refrigerator until use. 


Chapter 02: Active duty Blood Agents 


I. Cyanides 
Introduction 


Cyanide blood agents are a class of compounds that act upon the body in a similar manner as carbon monoxide. 
They poison the blood stream by reacting with the oxygen carries of the hemoglobin system. Blood agents also 
poison the organs by interfering with oxygen utilization within the cells. The cyanide blood agents are less likely to 
be encountered in warfare, but their use should not be underestimated. A common blood agent known as hydrogen 
cyanide was once used in gas chambers with excellent results, and the Nazi’s used it to exterminate Jews during 
World War II. Most blood agents are very volatile, and their use in large open areas is limited. The term “blood 
agent” refers to cyanides, cyanogens, and phosgene class of compounds. Other classifications of blood agents exist, 
but will not be included in this book due to their non-military importance. 


Physical properties (hydrogen cyanide) 


The cyanides in this case refers to hydrogen cyanide, which is a colorless highly volatile liquid. It easily evaporates 
under normal conditions forming a colorless gas. The vapor is less dense then air, so it tends not to linger in low 
lining areas. The vapor in low concentrations has a faint odor of almonds, but in high concentrations, the vapor may 
go un-noticeable from odor alone. Hydrogen cyanide is very soluble in water, and it only hydrolyzes very slow in 
it. Hydrogen cyanide along with other cyanide agents are easily oxidized with nitric acid, potassium permanganate, 
or chromium trioxide in sulfuric acid. 

Hydrogen cyanide is very flammable, and hence it cannot be disseminated fully from explosives munitions. It is 
easily neutralized in the body by the addition of sodium thiosulfate, and it readily forms complexes with alkali 
metals, i.e., potassium ferrocyanide. Hydrogen cyanide is not absorbed by charcoal very well, so certain gas masks 
may not provide adequate protection against this agent. Hydrogen cyanide effective gas masks contain metal salts 
impregnated in the filter to absorb hydrogen cyanide, but because exposure to hydrogen cyanide will most likely 
take place within confined areas, large amounts of the gas may be inhaled into the filter; as a result, the filter will 
soon become depleted, exposing the wearer to the lethal gas. 


Detection 


Automatic detectors are readily available for the detection of hydrogen cyanide in the field, or within enclosed 
areas. A number of laboratory monitors are also available. For soldiers in the field, Draeger tubes filled with a 
simple chemical gives rise to the presence of hydrogen cyanide, even in small concentrations. These Draeger tubes 
can be attacked directly to the soldier, and give color indications in the presence of the agent. Test strips, and water 
testing kits are also available. 


Protection 


Ordinary clothing gives some protection against hydrogen cyanide; although it is recommended that certified 
chemical protective clothing or suits be worn, along with approved gas masks. As previously noted, hydrogen 
cyanide is not effectively removed with some gas masks, and gas masks that are effective at removing the agent 
should be changed immediately after use. Exposure for prolonged periods of time within contaminated 
environments may deplete the filter, thus exposing the agent to the wearer. 


Decontamination 


Due to the high degree of volatization, no current method is necessary for the decontamination of hydrogen 

cyanide, or other cyanides. Within enclosed areas, the hydrogen cyanide can be neutralized by spraying fire 
extinguishers containing sodium carbonate; although, metal salts formed by neutralization of hydrogen cyanide can 
cling to walls, and contaminate equipment. Although not a threat to inhalation, skin exposure to metal cyanides can 
still pose a threat, as they are easily absorbed through the skin. Liquid hydrogen cyanide on the skin is easily 
decontaminated by exposure to air (so the agent evaporates), or the skin can be flushed with water. 


Mechanism of action within the body 


The cyanide ion forms a complex with the cytochrome oxidase enzyme within the respiratory system. This enzyme 
system is essential for the oxidative processes within cells. This complex formation interferes, and impairs the 
cellular oxygen system within the body, thus disrupting the oxygen utilization of the cells. The central nervous 
system is also affected by hydrogen cyanide, and death usually results from respiratory failure caused by an oxygen 
imbalance. The oxygen imbalance is the result of cyanides bonding to the hemoglobin oxygen carrier within the 
blood stream; in essence, the respiratory system becomes devoid of oxygen. 


Signs and symptom of exposure 


The more rapid the body absorbs cyanide, the more acute are the signs and symptoms of poisoning. In high 
concentrations there is an increase in heart rate, and breathing becomes deeper within moments of exposure. 
Inhalation of the agents may produce stimulation to the breathing cycle so severe, that exposed personnel cannot 
even hold their breath. Violent convulsion usually follows within 30 seconds with cessation of respiration starting 
after 1 minute of exposure. Death usually occurs within 5 minutes of inhalation of lethal or high concentrations. 
Exposure to low concentrations induces weakness in the legs, arms, and hands, and a general sense of depression or 
“heavy” feeling to the body. Nausea and headache usually follow exposure to low concentrations, and convulsions 
followed by coma is quite common. The onset of coma may last from only several hours, to several days. Long 
coma periods are a result of chronic exposure to low concentrations, and recovery may disclose damage to the 
central nervous system producing effects of irrationality, altered reflexes, unsteady attitude, depression, chronic 
headaches, and gait. In most cases, short-term exposure to low concentrations results in nausea, headache, and 
vertigo, effects which only last for several hours. 


Treatment 


Treatment of cyanide poisoning depends upon the rapidness of treatment. In some cases, treatment of poisoning 
depends on the rate of cyanide fixation within the body. Some people are more cyanide “sensitive” then others, and 
these people are more difficult to treat especially after certain periods of time. Inhalation of lethal concentrations 
usually spells death for most exposed personnel within 10 minutes. Casualties exposed to low concentrations for 
short periods of time usually require no treatment, as symptoms dissipate after several hours. Personnel exposed to 
any level of hydrogen cyanide can be administered sodium thiosulfate solutions intravenously. The sodium 
thiosulfate interferes with the cyanide poisoning, and causes the body to detoxify it. As with most antidotes, the 
sodium thiosulfate has to be administered immediately after exposure. 

Hydrogen cyanide poisoning can also be treated by the administration of dicobalt adetate, or by hydroxocobalamin. 
These two compounds provide secondary binding sites within the blood, thereby causing the cyanide to bond to 
them instead of the hemoglobin oxygen carriers. It has been reported that the two aforementioned compounds can 
be preadministered to prevent cyanide poisoning. This method of antidote should be administered immediately after 
exposure, and should be followed by treatment with sodium thiosulfate to prevent formation of cyanide complexes 
which may persist in the body and/or cause further intoxication: the sodium thiosulfate converts the cyanide to the 
water soluble thiocyanate, which is then easily flushed out through the urine. 

Another less common form of treatment involves the production of methaemoglobin within the blood stream. This 
compound is made on site by administration of sodium nitrite, amyl nitrite, or dimethylaminophenol hydrochloride. 
Methaemoglobin binds rapidly and efficiently with cyanide ions and radicals, and hence can be used as an antidote 
to cyanide poisoning. This method of antidote should be administered immediately after exposure, and should be 
followed by treatment with sodium thiosulfate to prevent formation of cyanide complexes which may persist in the 
body and/or cause further intoxication; the sodium thiosulfate converts the cyanide to the water soluble thiocyanate, 
which is then easily flushed out through the urine. 


Administration of cyanide antidotes 


Compounds that produce methaemoglobin include amyl nitrite, sodium nitrite, and dimethylaminophenol. For 
administration of amyl nitrite, a positive pressure respiratory system should be used. Simply put, the amyl nitrite 
should be administered through a facemask (similar to the doctor applying anesthetic). The amyl nitrite should be 
administered either pure or diluted with nitrogen. Note: amyl nitrite should not be administered with oxygen. After 
treatment with amyl nitrite, the patient should be administered sodium thiosulfate. 

For treatment with sodium nitrite, a aqueous solution should be administered intravenously. This aqueous solution 
is prepared by dissolving 300 milligrams of sodium nitrite into 10 milliliters of water, and then intravenously 


administrated over a period of 3 minutes. This intravenous dose should not be administered to children. After 
administration, the patient should be treated with sodium thiosulfate. Note: The sodium nitrite produces 
methaemoglobin, thus sequestering cyanide ion on the methaemoglobin. The cyanide is then removed by addition 
of sodium thiosulfate where it is converted into thiocyanate. The patient should be lying down when given the 
injection of sodium nitrite. In some cases a decrease in blood pressure will occur, and slight development of 
cyanosis will occur as well. If this is the case, pure oxygen should be administered to the patient. 

Treatment with dimethylaminophenol hydrochloride has proved very satisfactory in many cases. 
Dimethylaminophenol hydrochloride is very effective at producing methaemoglobin in the body, and can save the 
lives of those exposed to cyanide, but it is not a cure. Dimethylaminophenol should be administered intravenously 
at doses ranging from 150 to 250 milligrams per person. Muscular necrosis may follow intramuscularly injections, 
so direct injection into large muscle areas of the body should be avoided. The dosage of dimethylaminophenol 
should be carefully monitored, as to much can lead to an excess of methaemoglobin formation. If an overdose of 
dimethylaminophenol has been administered, oral doses of methylene blue can be administered to counteract this 
overdose. 

Other cyanide antidotes include hydroxocobalamine (vitamin B 12a), dicobalt edetate, and sodium thiosulfate. 
Hydroxocobalamin binds with cyanide ions to form cyanocobalamin (vitamin B12). This antidote should be 
administered intravenously, and in large doses. 

Dicobalt edetate is given intravenously to treat persons exposed to cyanide. The dose usually ranges form 500 to 
600 milligrams of dicobalt edetate. The dicobalt edetate is administered in the form a sugar solution, For 
administration, 40 milliliters of a solution prepared by dissolving 500 to 600 milligrams of dicobalt edetate into 40 
milliliters of 30% glucose solution should be given. The injection should be followed by the usual injection of 
sodium thiosulfate. Note: Dicobalt edetate is poisonous to the kidneys, so administration should be monitored by 
medical personnel. 

Sodium thiosulfate is the most common antidote administered to treat cyanide intoxification. Sodium thiosulfate 
combines with cyanide ions forming thiocyanate, which is easily removed from the body by urine. The sodium 
thiosulfate should be administered intravenously over a period of 10 minutes; 12.5 grams sodium thiosulfate 
dissolved in 25 milliliters of water. 

After administration of any and all antidotes, a steady stream of pure oxygen should be administered. 


IL. Cyanogens 


Introduction 


Cyanogens are rapidly absorbed by the body either by inhalation, ingestion, or skin absorption, and they produce 

hydrogen cyanide within the body. They can penetrate into the body’s blood stream, and be carried all throughout 
the body, where upon they release hydrogen cyanide in packets. The hydrogen cyanide is what directly poisons the 
body. Cyanogens are also irritants, and can produce skin burns and general irritation. 


Physical properties 


The cyanogens are usually colorless to highly volatile liquids, or solids. Most of them are only slightly soluble in 
water, but readily soluble in most organic solvents. Cyanogens produce very irritating vapors, which are denser 
then air. Because of their densities, they tend to linger in low lining areas. Most cyanogens are very lachrymatory, 
and they are highly irritating to the eyes, nose, and throat. The cyanogens are very volatile, and their use on the 
battlefield is limited; they quickly volatize, and are swept away by the slightest breeze. Cyanogens are very 
effective when used within enclosed areas. 

Cyanogens are poorly absorbed by charcoal, aluminum oxide, or silica, so they may not be removed from certain 
gas masks. Gas mask canisters designed specifically for hydrogen cyanide, may not work very well with 
cyanogens. The cyanogen compounds do not readily react with the salts used in certain gas masks to absorb 
hydrogen cyanide, so the cyanogens are likely to be encountered in chemical warfare operations where cyanide is 
utilized. For most operations involving cyanogens, special gas masks are needed, along with special chemical suits. 
Cyanogens can penetrate certain clothing, fabrics, resins, and even some plastics. Note: Most militaries are not 
equipped to adequately protect their troops against cyanogen attacks. 


Detection 


Even though cyanogens are difficult to protect against, their presence in the field is easily detected. Their highly 
irritating and biting nature suggests their presence, and automatic detector systems are readily available. Individual 
soldiers may also be easily equipped with test strips, which change to specific colors when traces of cyanogens are 
present. Because of the volatility of cyanogens, most contaminated environments will not remain contaminated for 
very long, so troops can adequately escape the contaminated areas; the exception being enclosed areas such as 
bunkers, tunnels, holes, ect,. 


Decontamination 
See cyanides. 
Mechanism of action within the body 


The cyanogens act in a similar manner as cyanides, except with delayed action. The delayed action is the result of 
absorption into the blood stream, followed by breakdown into cyanide. Because direct inhalation, ingestion, or 
absorption does not lead to cyanide poisoning, cyanogens can migrate throughout the body covering large areas, 
where upon they are decomposed into cyanide and chloride ion. The cyanide ions then react with the oxygen 
carriers within the blood and cells. The direct systematic intoxification effects are identical to cyanide, see vide 
supra. 

Another effect of cyanogens is their lachrymatory effects upon the body. Cyanogens injure the respiratory tract, and 
cause severe inflammatory changes in the bronchioles and causes congestion and oedema within the lungs. Low 
concentrations cause irritation to the eyes, and higher concentrations on the skin can cause burns, redness, and 
irritation. 


Signs and symptoms of exposure 


In general, symptoms of exposure mimic that of hydrogen cyanide yet combined with an irritant. C yanogens 
stimulate the respiratory center and rapidly cause paralyses. In high concentrations, its irritant action is so intense 
that dyspnoea may be produced. Exposure to low or high concentrations is followed by irritation to the nose, throat, 
and eyes. Coughing, tightness in chest, and lachrymation are also produced from inhalation or skin contact. After 
direct exposure to low or high concentrations, the exposed person may become dizzy and dyspnoeic. 
Unconsciousness usually follows the dizziness, and death follows respiratory arrest, which can occur within 
minutes of unconsciousness. 

Other symptoms of exposure to cyanogens include convulsions, retching, and involuntary defecation of bodily 
waste products. In mild exposures, which are not commonly fatal, signs and symptoms of pulmonary oedema may 
develop. Other cases of mild exposure may develop coughing with much frothy sputum, rales in the chest, severe 
dyspnoea with cyanosis. 


Treatment 


Treatment of cyanogen poisoning is the same as for cyanides, see vide supra. Treatment of cyanogen lachrymations 
should be the same for phosgene, see vide supra. 

In most cases, recovery from cyanogen poisoning is similar to the affects of hydrogen cyanide, but residual damage 
to the central nervous system results in most cyanogen cases as opposed to cyanide cases. Different concentrations 
of cyanogen poisoning differ in the amount of residual damage to the body, but in most cases pulmonary effects 
may develop immediately, or may be delayed until after the systematic effects have dissipated; meaning recovering 
patients may develop symptoms after they have been cleared. 


ILL. Arsines 
Introduction 


Arsines are colorless gases with disagreeable odors, or colorless liquids with varying odors. The most common 
arsine is “Arsine”, which is used with limited effect in chemical warfare. Most arsines are considered not toxic 
enough in nature to act as warfare agents, but a few have very poisonous effects upon the body. The arsines are 
insoluble in water, but soluble in the usual organic solvents. They can be easily oxidized with the usual oxidizers 
including bleach, chromium trioxide, hydrogen peroxide, nitric acid, and even hot concentrated sulfuric acid. 


Physical properties 


Arsines are composed of a central arsenic atom, which is bonded to either hydrogen and/or carbon. Arsines do not 
contain halogen atoms. The following illustration represents the backbone structures of arsines. All the R groups of 
the central illustration represent either hydrogen and/or carbon, with the R, R1, R2, R3, R4, and R5 groups on the 
far right structure of the illustration representing carbon. 
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The most important arsine, Arsine is a colorless gas with a melting point of -117 Celsius, and a boiling point of — 
63 Celsius. It can be condensed into a liquid under pressure and cooling. Arsine has a distinct metallic garlic odor, 
and can be detected by smell from reacting hydrochloric acid with cast iron; where it is liberated in very small 
quantities. Other arsines are colorless liquids, which are volatile under normal conditions. 


Mechanism of action within the body 


Arsines are not blood agents in the usual sense, and they do not bond with oxygen carriers in the blood stream. 
Arsines poison the kidneys, and liver resulting in permanent damage. They also combine with various compounds 
in the brain producing peripheral neuropathy. The direct mechanism of action is relatively unknown, and reports 
have indicated that arsines can react with the DNA and RNA of persons resulting in long term illness. Chronic 
exposure is the leading result of long-term illness, and has been experienced by occupational workers. Some reports 
have indicated that arsines are carcinogenic, but other reports show that they are not. 


Signs and symptoms of exposure 


Exposure to arsines can produce a varying degree of symptoms, but usually includes headache, dizziness, 
weakness, followed by dyspnea and abdominal back pain. Exposure to arsine produces no effects upon the eyes, 
and inhalation yields no irritation to the nose and throat. Inhalation produces a headache within moments of 
exposure, and it’s usually the first symptom along with weakness and dizziness. Symptoms such as nausea, 
vomiting, hematuria, and jaundice usually follow within 30 minutes to an hour. Inhalation of high concentrations is 
easily fetal within 4 hours. Chronic exposure, or exposure to low concentrations usually results with hematuria, 
peripheral neuropathy, and development of a syndrome known as bronze skin. 

Other symptoms, yet low key symptoms from exposure include metallic taste in mouth, dry lips, difficulty in 
breathing or tightness of chest, and tingly sensations in different parts of the body. 


Treatment 


There is no effective treatment for arsine poisoning, but patients should be taken to fresh air, and given lots of 
water to drink. Saline solutions can be administered intravenously along with several known anti-arsenic antidotes. 
These antidotes may not directly treat the arsine contamination, but may help convert them into water soluble 
arsenic compounds. It is known that arsine is converted into water soluble compounds within the lungs, but that the 
rates of detoxification may vary; as a result, patients should be ordered to run around so as to speed up the bodies 
respiration to allow the lungs to cleanse themselves more thoroughly. Even though the lungs can detoxify arsines, 
there is little that can be done to prevent arsines from entering the blood stream. 


IV. Phosgene 
Introduction 


Phosgene belongs to a family of compounds known as “chocking agents”. Chocking agents produce severe 
irritation to the nose, throat, and repository tract, resulting in excessive fluid discharge. This fluid discharge can be 
so severe, that a suffocating effect is produced within in the lungs, causing the person to die from lack of oxygen. 
Although phosgene is not a blood agent in the usual sense, it is classified however in the blood agent family 
because of its oxygen suppressing nature. Similar agents to phosgene include: chlorine, bromine, nitrogen dioxide, 
nitric oxide, and diphosgene; although these agents will not be discussed. In general, phosgene is considered a 
lung-damaging agent, and it is highly effective in this regard. Phosgene was used by the Germans during World 
War L, where it accounted for 80% of all chemical warfare casualties. Phosgene is not a direct blood agent, but is 
being included in this section because it does attack the vital organs of the body including the lungs, kidneys, 
and liver. 


Physical properties of phosgene 


Normally, phosgene is a colorless gas, which liquefies at 5 Celsius forming a colorless to light yellow liquid. Its 
density is much higher then air, so it tends to linger around low lining areas; although, its volatility is so great that 
its persistence in the environment is very poor. Even though its persistence in the environment is poor, it may linger 
in trenches, bunkers, tunnels, and holes for prolonged periods of time; especially in warm and calm weather. 

In low concentrations, it has the odor of freshly cut hay. It is very soluble in most common organic solvents, and 
very soluble in fats and oils. Phosgene is insoluble in water, and it is only slowly hydrolyzed by it; alkali solutions 
and strong oxidizers accelerate this decomposition. 


Detection 


Phosgene in the field is almost impossible to detect by smell. Low concentrations may have odors of freshly cut 
hay, but these odors may blend in to the surrounding environment. There are no electronic devices to detect 
phosgene, although some vehicles can detect it through gas chromatography. There are no test strips available for 
its detection either, and no evidence of its presence may exist until personnel develop symptoms from exposure. 


Protection 


Ordinary clothing is satisfactory for protection against this agent, and ordinary gas mask provides adequate 
protection. 


Decontamination 
Under most conditions, decontamination is not needed due to its volatility; it will simply blow away under the 


slightest wind. Within tunnels, bunkers, and trenches, decontamination is swift and rapid with mild ventilation. 
During very cold weather, decontamination is accomplished by treatment with bleach, or caustic soda. 


Mechanism of action within the body 


When phosgene is inhaled, it reacts directly with the alveoli and capillary wall, which permits plasma to flood the 
alveoli. This effect is usually reached within 12 to 24 hours of exposure. Phosgene increases the permeability of the 
alveolar capillaries, which produces severe pulmonary oedema. This acute action interferes with the pulmonary 
gaseous exchange within the lungs, leading to hypoxia. The loss of fluid into the alveoli also produces a syndrome 
called haemoconcentration, which along with hypoxia, causes cardiac distress and in which may lead to cardiac 
failure. Other methods of action include inhibition of enzymes, and the production of hydrogen chloride within the 
lungs and blood stream, especially within the alveoli. 

Phosgene is a severe poison, which produces massive pulmonary oedema. This effect is proceeded by reputable 
damage to the bronchiolar epitheliums. Devolvement of patches on the emphyema, acute atelectasis, and oedema of 
the perivascular connective tissue also result from the severity of the pulmonary oedema. During the intoxification 
of the lungs with phosgene, oedema produces fluid, which is usually frothy and pours from the bronchi and can be 
seen escaping from the mouth and nose. 

With exposure to high concentrations, death usually occurs within several hours. In most fatal cases, pulmonary 
oedema reaches its maximum effect within 12 hours, followed by death within 24 to 48 hours due to suffocation 
and cardiac distress. 


Signs and symptoms 


Skin or eye contact to the gas produces virtually no symptoms, but exposure to the liquid may produce skin and eye 
irritation. In most cases, eye and skin contact is not regarded as a threat in field operations. When the gas is inhaled, 
coughing, choking, feelings of tightness in the chest, nausea, and mild vomiting immediately occur. This effect is 
true for both low concentrations, and high concentrations. In some cases headache and lachrymation occur after 
inhalation of low or mild concentrations. Some cases will show remarkable lung resistance, but with severe cough, 
headache, and congestion. In most cases, inhalation of the gas leads to respiratory tract irritations, followed by 
pulmonary oedema. There may exists an initial slowing of the pulse rate, followed by an increase. Abnormal chest 
pains may follow, and may lead to severe cardiac distress. Some cases of exposure will show delayed action, 
meaning after the initial exposure, victims may show no appreciable signs or symptoms for several hours; 
whereupon the aforementioned symptoms will develop. 

Exposure to mild or high concentrations starts with coughing, dyspnoea, rapid and shallow breathing, followed by 
ses. Nausea and vomiting may occur within hours of exposure, and is usually followed by oedema 

ssion leading to respiratory discomfort and frothy sputum. The latter develops when the dyspnoea increases. 
Rales and rhonchi develop throughout the chest, and breathing sounds may be reduced to a wheezing, or 
diminished breathing sound. Later, the exposed person may develop shock-like symptoms, resulting in pale skin, 
clammy hands, and low blood pressure. 


Treatment 


There are no real methods of treatment, but one common method of preventing exposed personnel from dying as a 
result of exposure is rest and warmth. Casualties caused by phosgene inhalation should be kept at a state of rest and 
calm. In most cases the pulmonary oedema will pass if the exposed person remains calm and restful. Active troops 
exposed to phosgene will soon be overcome with congestion, and a sense of suffocation; actively working troops 
tend to accelerate the suffocating effects. 

In some cases it will be necessary to drug exposed personnel in order to keep them calm. In this case, sedatives are 
administered to the patient. Codeine can be administered orally at 30 to 60 milligram doses to suppress cough. 
Sedatation can result in restlessness causing hypoxia; as a result, the use of sedatives should be given only for 
severe cases, and after administration of oxygen. 

Administration of oxygen can be very effective at treating mild to moderate cases of exposure. Hypoxaemia can be 
reduced by the administration of oxygen, and administration of oxygen can also reduce or delay the effects of 
pulmonary oedema. 


In some cases, bacterial bronchitis/pneumonnitis may result from exposure to phosgene. In this case, antibiotics can 
be administered: although, antibacterials should not be administered in all exposure cases, as they will not be 
needed. 

One method of dealing with phosgene exposure is the administration of steroids. Administrations of corticosteroids 
may lesson the severity of pulmonary oedema. In any case, steroids should be administered within 15 minutes of 


exposure. The doses of steroid administered should be greater then that for the treatment of asthma, and they should 
be intravenously administered. 


1. AC. Hydrogen cyanide. Hydrocyanic acid; Prussic acid; Blausaure 


H————_C—————N 


Molecular Formula: CHN Formula Weight: 27.02534 
Composition: C(44.44%) H(3.73%) Molar Refractivity: 6.41 + 0.3 cm 
N(51.83%) 


__Molar Volume: 38.8 43.0 cm? |____Parachor: 81.044.0.cm* 
Index of Refraction: 1.262 + 0.02 Surface Tension: 18.8 + 3.0 dyne/em 
Density: 0.695 + 0.06 g/cm’ Polarizability: 2.54 + 0.5 10cm? 
RDBE: 2 Monoisotopic Mass: 27.010899 Da 
Nominal Mass: 27 Da | Average Mass: 27.0253 Da 
M+: 27.01035 Da M-: 27.011448 Da 
[M+H]+: 28.018175 Da [M+H]-: 28.019273 Da 
[M-H]+: 26.002525 Da [M-H]-: 26.003623 Da 
Smiles: C#N InChI = 1S/CHN/c1-2/h1H 


Hydrogen cyanide forms a colorless gas or liquid, with a characteristic odor. The pure liquid has a mild biting or 
acrid smell, but dilute vapor or liquid has an odor of almonds. In some cases the vapor or liquid may have a biter or 
burnt odor of almond. The liquid and gas is flammable, burning with a bluish flame. It has melting point of -13 
Celsius, and a boiling point of 26 Celsius. Hydrogen cyanide is easily condensed into a liquid, but it is highly 
volatile under normal conditions. Because of hydrogen cyanides high rate of volatization, it is not well suitable for 
field operations; although, its use in cold climates can be effective. Environments exposed to hydrogen cyanide are 
easily self-decontaminated within minutes due to wind, water, and other environmental conditions. Hydrogen 
cyanide has relatively no environmental persistence, although persistence in cold climates may range for up 12 
hours. It is miscible with water and alcohol, and it is slightly soluble in ether. Within enclosed environments, 
hydrogen cyanide is highly effective, being one the most effective lethal agents when used in enclosed areas such 

as bunkers, rooms, buildings, tunnels, and the like. Inhalation of as little as 900 parts per million over at time period 
of 15 minutes can cause death. Hydrogen cyanide is very stable, and can persist in enclosed areas for months. It is 
rendered volatization inactive when treated with alkalies, but formation of cyanide salts still presents a danger 
through skin contact. Bleaching powder decomposes hydrogen cyanide with some evolution of the highly toxic 
cyanogen chloride. Hydrogen cyanide is an effective blood agent, which was formerly used in gas chambers. It is 
highly toxic, and the lethal dose for the average man through inhalation may be as low 60 milligrams. Exposure to 
low concentrations of hydrogen cyanide over time can lead to paralysis, unconsciousness, and respiratory arrest. 
Hydrogen cyanide is a very common poison, being used in capital punishment, and in rodent extermination. 
Chemical munitions should utilize aerosol techniques for dissemination in military operations. Hydrogen cyanide 
was used to kill over 7 million Jews, gays, and minorities. Hydrogen cyanide is a deadly poison capable of 
producing casualties within minutes of dissemination. Exposure to small amounts of vapor can lead to 
nausea, and repository illness. Lethal dose for the average man through inhalation is as low as 60 
milligrams, but may range from 100 to 150 milligrams on average. Hydrogen cyanide is a fast acting blood 
agent capable of killing exposed troops within minutes of dissemination. Personnel who inhale lethal 
concentrations over short periods of time will die within minutes. Slow exposure to lethal concentrations 
over long periods of time leads to paralysis, respiratory distress, nauseas, and other incapacitating effects 
leading to death within 4 to 32 hours. Personnel slowly exposed to hydrogen cyanide over long periods of 
time should be treated with a anti cyanide antidote made by dissolving 1 gram of sodium nitrite, and 1 gram 
of sodium thiosulfate into 50 milliliters of water, and administrating this antidote intravenously or though 
ingestion. Some people may be cyanide sensitive, meaning inhalation of as little 300 parts per million over 


several minutes can lead to death. Skin absorption and ingestion of hydrogen cyanide is highly toxic, but few 
causalities result in this manner due to its volatility. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blood agent): 10 Field Stability: 10 
Persistence (open area): 2 Storage stability: 8 
Persistence (enclosed area): 9 Toxicity (as blood agent): 10 


TOTAL EFFECTIVENESS (as blood agent): 8.1 
OVERALL TOXICITY (as warfare agent): 7/2 
WARNING! 


— 


PREPARATION I: 
HySO, 


NaCN or KCN ——Water__, ,,__c¢=——=n + NaHSO, or KHSO, 
gentle heat 


Into a simple distillation apparatus with a receiver flask submerged in an ice/salt bath place 79 grams of sodium 
cyanide or 104 grams of potassium cyanide into the reaction flask. and then add 100 milliliters of water. 
Thereafter, prepare a sulfuric acid solution by carefully adding 300 grams of conc. sulfuric acid into 200 
milliliters of cold water, and then allow the acid solution to cool to room temperature. Then place the acid solution 
into the addition funnel. Then heat the reaction flask to 40 Celsius, and when the temperature reaches 40 Celsius, 
add drop wise the sulfuric acid solution to the cyanide solution while stirring the cyanide solution. During the 
addition, keep the addition of the sulfuric acid at a sufficient rate as to not exceed a temperature of 40 Celsius. 
During the addition, hydrogen cyanide will be steadily evolved, and will slowly distill over. After the addition of 
the sulfuric acid, continue to heat and distill the reaction mixture for 4 hours. After 4 hours, remove the heat source 
and allow the reaction mixture to cool to room temperature. The distilled hydrogen cyanide should be redistilled for 
quality and purity. 


PREPARATION II: 
N N 
YY 
\/ * r 12H,SO, 
2 | N=C—Fe—-—C=N | 3K or3Na a = 12H c N 
eat ; 
df & hydrogen cyanide 
AN + 
N N 2Fe,(SO,4)5 
6M,SO, 


Into a simple distillation apparatus with a receiver flask submerged in an ice/salt bath place 47 grams of potassium 
ferricyanide or 38 grams of sodium ferricyanide into the reaction flask, and then add 50 milliliters of water. 
Thereafter, prepare a sulfuric acid solution by carefully adding 180 grams of conc. sulfuric acid into 100 
milliliters of cold water, and then allow the acid solution to cool to room temperature. Then place the acid solution 
into the addition funnel. Then heat the reaction flask to 60 Celsius, and when the temperature reaches 60 Celsius, 
add drop wise the sulfuric acid solution to the ferrocyanide solution while stirring the ferrocyanide solution. During 
the addition, keep the addition of the sulfuric acid at a sufficient rate as to not exceed a temperature of 60 Celsius. 


During the addition, hydrogen cyanide will be steadily evolved, and slowly distilled over. After the addition of the 
sulfuric acid continue to heat and distill the reaction mixture for 4 hours. After 4 hours, remove the heat source and 
allow the reaction mixture to cool to room temperature. The distilled hydrogen cyanide should be redistilled for 
quality and purity. 


2, CA, Cyanogen. Ethanedinitrile; dicyan; oxalic acid dinitrile; Dicyanide 


N==——=C——C=——=N 
Molecular Formula: C2N2 Formula Weight: 52.0348 
Composition: C(46.16%) N(53.84%)_| Molar Refractivity: 11.14 + 0.3 cm’ 
Molar Volume: 48.3 + 3.0 cm” Parachor: 128.3 + 4.0 cm* 
Index of Refraction: 1.378 + 0.02 Surface Tension: 49.7 + 3.0 dyne/em 
Density: 1.076 + 0.06 g/cm’ Polarizability: 4.41 + 0.5 10°‘cm’ 
RDBE: 4 Monoisotopic Mass: 52.006148 Da 
Nominal Mass: 52 Da Average Mass: 52.0348 Da 
M+: 52.005599 Da M-: 52.006697 Da 
[M+H]+: 53.013424 Da [M+H]-: 53.014522 Da 
[M-H]+: 50.997774 Da [M-H]-: 50.998872 Da 
Smiles: N#CC#N InChI = 1S/C2N2/c3-1-2-4 
Cyanogen forms a colorless gas with a melting point of —28 Celsius, and a boiling point of —21 Celsius. The gas is 
flammable, burning with a pinkish flame having a blue border. It has a rather biting and irritating odor with a hint 
of almonds, but in some cases the gas may be odorless. Low concentrations of the gas have an almond like odor. 


The gas in lethal concentrations has an acrid and pungent odor. The gas polymerizes when heated to 500 Celsius 
forming para-cyanogen. Cyanogen is modernly soluble in water, from where it is slowly hydrolyzed to ammonia 

and oxalic acid. The gas is soluble in alcohol and ether. The toxic effects of cyanogen are similar to hydrogen 
cyanide, and it can be used admixed with hydrogen cyanide, or alone in military operations where a strong blood 
agent is desired. Like hydrogen cyanide, cyanogen is most effective when used in enclosed areas, and it has little or 
no persistence in the environment. Cyanogen is extremely effective when used in enclosed environments, and it can 
persist for weeks; buildings and rooms with ventilation are prone to rapid decontamination due to air sweeping the 
cyanogen gas away. Cyanogen is most effective when used in bunkers, tunnels, and rooms where there is poor 
ventilation. Cyanogen should be disseminated using aerosols. Cyanogen chloride is a deadly blood agent capable 
of producing casualties within minutes of dissemination. Lethal dose through inhalation may range from 100 
to 150 milligrams; although, as low as 60 milligrams may lead to death in certain people due to allergic like 
reactions. Inhalation of 900 parts per million over a period of ten minutes may lead to death in some cases. 
Chronic exposure to low concentrations of the agent may lead to respiratory illness, and systematic 
poisoning leading to death after prolonged periods of time. Exposure to lethal concentrations is easily fatal 
within minutes. Symptoms of cyanogen poisoning are similar to hydrogen cyanide. Skin exposure to vapor 
or liquid may cause systematic poisoning, but rather high levels are ordinarily required. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blood agent): 9 Field Stability: 8 
Persistence (open area): 2 Storage stability: 7 
Persistence (enclosed area): 9 Toxicity (as blood agent): 9 


TOTAL EFFECTIVENESS (as blood agent): 7.3 
OVERALL TOXICITY (as warfare agent): 7 
NING! 


PREPARATION IL: 
_______-- Cu(NO3)2:3H20 dry ice/acetone bath 
2H SSN > > N==c C==nN 
35% HCl ake 
solvent ethanedinitrile 


distill 50 Celsius 


Assemble the apparatus as illustrated or equivalent, and then place 400 milliliters of dimethoxy ethane, 10 grams 
of cupric nitrate trihydrate, and 8 milliliters of conc. hydrochloric acid into the reaction flask. Thereafter, place 
68 grams of liquid hydrogen cyanide into the addition funnel. Then begin an oxygen purge by bubbling oxygen 
gas into the dimethoxy ethane contained in the reaction flask. Note: an oil bubbler is not needed to exclude air. 

Then heat the reaction flask to 50 Celsius, and when its temperature reaches 50 Celsius, add drop wise the liquid 
hydrogen cyanide over a period of 90 minutes while stirring the reaction mixture and maintaining its temperature at 
50 Celsius. During the addition of the hydrogen cyanide, cyanogen and un-reacted hydrogen cyanide will be carried 
over to the first ice trap. The un-reacted hydrogen cyanide will be condensed into liquid hydrogen cyanide using the 
ice bath, and the cyanogen will carrier over to the second trap cooled with a dry ice/acetone bath, where upon the 
cyanogen will condense into a semi-solid liquid mass or slush. After the addition of the liquid hydrogen cyanide, 
remove the heat source, and allow the reaction mixture to cool to room temperature; after which, it can be 

discarded. The cyanogen collected will be about 60 grams with a purity of 98%-+. Purification of this Cyanogen 
slush is not needed, and it should be immediately removed, and stored in a freezer until use. Note: the cyanogen can 
be stored in individual self-purchased lecture bottles for long periods of storage. 


cooling jacket~ 
(0 Celsius) 


liquid~ 
hydrogen 
cyanide 


unreacted liquid — 
hydrogen cyanide 
oxygen out 


cyanogen slush 


3. CK. Cyanogen chloride. Chlorine cyanide 


cl——_C=———=N 


Molecular Formula: CCIN 


Formula Weight: 61.4704 


Composition: C(19.54%) Cl(57.67%) 


N(22.79%) 


Molar Refractivity: 11.44 + 0.3 cm> | 


Molar Volume: 49.8 + 3.0 cm” 


Parachor: 118.6 + 4.0 cm 


Index of Refraction: 1.376 + 0.02 
7 


Surface Tension: 32.2 + 3.0 dyne/em 


_ Density: 1.234 + 0.06 g/c 
RDBE: 2 


Polarizability: 4.53 + 0.5 10%c Y” 
Monoisotopic Mass: 60.971927 Da 


Nominal Mass: 61 Da 


Average Mass: 61.4704 Da 


M+: 60.971378 Da 


M-: 60.972475 Da 


[M+H]+: 61.979203 Da 


[M+H]-: 61.9803 Da 


[M-H]+: 59.963553 Da 


[M-H]-: 59.96465 Da 


Smiles: CICHN 


InChI = 1S/CCIN/c2-1-3 


Cyanogen chloride forms a colorless gas, which condenses to a colorless liquid. It has a melting point of —6 

Celsius, and a boiling point of 14 Celsius. The gas has a pungent and biting odor, but it may go unnoticed in field 
concentrations, Cyanogen chloride is soluble in water, alcohol, ether, and chlorinated hydrocarbons. Cyanogen 
chloride is a deadly poison, which is very irritating to the nose, throat, and eyes. High concentrations easily give 

rise to its presence, and irritation to eyes, nose, and throat is almost immediate upon exposure to the gas. Inhalation 
of high concentrations is easily fetal within 15 minutes of exposure. Exposure to low concentrations over long 
periods of time may lead to systematic poisoning resulting in permanent illness such as respiratory illness, kidney 
and liver damage. As with hydrogen cyanide, or cyanogen, cyanogen chloride is highly volatile, and its persistence 
in the environment is very poor. It is easily swept away with the slightest breeze, and should only be used within 
enclosed areas such as bunkers, tunnels, and/or rooms with poor ventilation. Cyanogen chloride should be 
disseminated from aerosols for maximum dissemination effect. Cyanogen chloride can be effectively used not only 
as a deadly blood agent, but it may be used as a violent riot control or violent irritant gas. Cyanogen chloride is a 
violent and deadly blood agent capable of producing casualties within minutes of dissemination. The lethal 
dose through inhalation in the average man ranges from 80 to 150 milligrams, but may be as high as 500 
milligrams. The lethal dose for a select few may be as high as 600 to 800 milligrams through inhalation due 
to higher levels of resistance to the deadly gas. Lethal dose through contact in rabbits: 20 milligrams per 
kilogram of body weight. Inhalation of as little as 5 milligrams may result in respiratory illness, and severe 
irritation to the nose and throat. Eye exposure to as little as 5 to 10 milligrams may produce irritation. Skin 
contact to the vapor or liquid may lead to irritation. Inhalation of 900 to 1200 parts per million of cyanogen 
chloride over a period of 5 to 10 minutes may fetal. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blood agent): 8 


Field Stability: 9 


Persistence (open area): 3 


Storage stability: 9 


Persistence (enclosed area): 9 


Toxicity (as blood agent): 8 


TOTAL EFFECTIVENESS (as blood agent): 7.6 
OVERALL TOXICITY (as warfare agent): 612 
WARNING! 


VIOLENT WARNING! © 
Sai ati 

POTENT LUNG POTENT EYE 
WARNING! WARNING! IRRITANT ABSORPTION IRRITANT 


PREPARATION I: 


if 
ae ie 
cl 
Na——C=N > Cl Cc N 

Clo F q 
; . cyanic chloride 

acetic acid 

0 Celsius 


Into a suitable flask equipped with a thermometer, electric stirrer, and gas inlet tube, place 600 grams of carbon 
tetrachloride, 4 grams of glacial acetic acid, and then 100 grams of dry pulverized sodium cyanide. Thereafter, 
place the flask into a suitable ice bath, and chill to 0 Celsius. When the contents in the flask reach about 0 Celsius, 
bubble into the carbon tetrachloride, 140 grams of dry chlorine gas over a period of time sufficient as to keep the 
reaction mixtures temperature at 0 Celsius at all times Note: do not allow the temperature of the reaction mixture to 
exceed 0) Celsius. During the addition of the chlorine gas, vigorously stir the reaction mixture. After the addition of 
the chlorine gas, continue to vigorously stir the reaction mixture at 0 Celsius for about 1 hour. Note: Excess 
chlorine addition beyond 140 grams should be avoided. After stirring for an additional 60 minutes, remove the ice 
bath, and then filter the reaction mixture to remove any insoluble materials. Thereafter, place the filtered reaction 
mixture into a distillation apparatus, and then carefully distill-out the cyanogen chloride. After the distillation 
process, the cyanogen chloride should be re-distilled for purity. Note: the cyanogen chloride obtained after the first 
distillation can be used directly in chemical warfare operations. Note: After the reaction mixture is filtered to 
remove the insoluble materials, the carbon tetrachloride/cyanogen chloride mixture can be used directly in chemical 
warfare operations if desired. Note: The cyanogen chloride should be stored in amber glass bottles and in a very 
cold refrigerator until use. 


medium glass 
column filled 
with glass beads 


flask containing 
the carbon tetrachloride 
and cyanogen chloride 


salt/ice bath 


4. BC. Cyanogen bromide. Bromine cyanide 


Br c N 


cold water condenser 


liquid cyanogen 
__—cthloride 


Molecular Formula: CBrN 
Composition: C(11.34%) Br(75.44%) 
N(13.22%) 

Molar Volume: 51.6 + 3.0 cm* 


Formula Weight: 105.9214 
Molar Refractivity: 14.32 + 0.3 em? 


Parachor: 132.3 + 4.0 cm* 


Index of Refraction: 1.467 + 0.02 


Surface Tension: 43.2 + 3.0 dyne/em 


Density: 2.052 + 0.06 g/em* 


Polarizability: 5.67 + 0.5 10“cm* 


RDBE: 2 


Monoisotopic Mass: 104.921404 Da 


Nominal Mass: 105 Da 


Average Mass: 105.9214 Da 


M+: 104.920855 Da 


M-: 104.921953 Da 


[M+H]+: 105.92868 Da 


[M+H]-: 105.929778 Da 


[M-H]+: 103.91303 Da 


[M-H]-: 103.914128 Da 


__ Smiles: BrC#N 


~___InChl = 1S/CBrN/c2-1-3 


Cyanogen bromide forms colorless crystals with a melting point of 52 Celsius, and a boiling point of 62 Celsius. 
The crystals are often needle or cubed shaped. Cyanogen bromide is freely soluble in water, alcohol, and ether. 


Pure cyanogen bromide is stable for periods of up to 2 mon 


hs, but impure cyanogen bromide tends to decompose 


on standing, and in some cases it decomposes explosively. It should be stored in a desiccator in a refrigerator. At 
room temperature, solutions of cyanogen bromide in alcohol or ether may last for up to 3 months in storage. 
Cyanogen bromide is volatile under normal conditions, and the dry crystals tend to volatize on standing. It is a 
highly irritating and toxic substance, capable of producing severe irritation of the nose, throat, and eyes upon 
contact. Because of cyanogen bromides rate of volatization, and its rather rapid rate of decomposition, its use in 
military operations is very limited. It can be used in tactical operations when disseminated properly, and the most 


preferred methods of dissemination are from aerosols. As with other blood agents, it’s persistence in the 
environment is very poor, but it does show some persistence compared to hydrogen cyanide. Crystals of cyanogen 
bromide may persist for up to 2 weeks, or even as high as 1 month in dry and cold environments. Skin contact or 
eye contact with the vapor or liquid may cause immediate irritation and a prickling like effect. Inhalation of the 
vapor is easily fatal within 5 to 10 minutes when in lethal concentrations. Skin or eye exposure can lead to 
systematic poisoning in large concentrations, but even small concentrations may give rise to significant skin and 
eye absorption leading to systematic poisoning. Cyanogen bromide is highly effective when used in enclosed 
environments. Cyanogen bromide is a highly effective blood agent, and is capable of producing casualties 
within minutes of dissemination. The lethal dose through inhalation in the average man ranges from 60 to 
200 milligrams. Some people may show increased levels of resistance making the lethal dose though 
inhalation rise to as high as 500 milligrams. Skin contact or eye contact with as little as 5 to 15 milligrams of 
the vapor may produce immediate, and severe irritation. Skin or eye absorption of as little as 5 to 10 
milligrams can lead to systematic poisoning resulting in repository illness, kidney, or liver damage. 


OVERALL RATING (scale from 1 to 10) 
| Effectiveness (as blood agent): 9 
Persistence (open area): 5 Storage stability: 6 
Persistence (enclosed area): 8 Toxicity (as blood agent): 8 
TOTAL EFFECTIVENESS (as blood agent): 6.8 
OVERALL TOXICITY (as warfare agent): 7 


VIOLENT WARNING! 


Pal POTENT EYE 


WARNING! WARNING! IRRITANT ABSORPTION IRRITANT 


PROCEDURE |: 


Bro 
Na CSN > Br Cc N 
H2SO4 cyanic bromide 
20 Celsius 


Into a suitable flask, place 75 milliliters of 50% sulfuric acid, and then cool this acid solution to 20 Celsius by 
means of a cold-water bath. Thereafter, pour in 80 grams of bromine to the sulfuric acid solution, while keeping 
the temperature of the sulfuric acid at 20 Celsius. Then carefully and slowly add a cyanide solution prepared by 
adding and dissolving 26 grams of sodium cyanide into 50 milliliters of cold water. The rate of addition of the 
sodium cyanide solution should be adequate as not to exceed a temperature of 20 Celsius of the sulfuric 
acid/bromine solution. During the addition of the sodium cyanide solution, vigorously stir the sulfuric acid/bromine 
mixture. After the addition of the sodium cyanide solution, place the reaction mixture into an ice bath and chill to 0 
Celsius. Then stir the reaction mixture at 0 Celsius for about | hour. Thereafter, filter-off any precipitated cyanogen 
bromide crystals, and then carefully dry them in a desiccator filled with anhydrous calcium chloride for 24 hours, 
or until dry. Note: The filtered reaction mixture will contain some more of the cyanogen bromide, which will be 
dissolved there into. To collect this cyanogen bromide from the filtered reaction mixture, carefully distill the 
filtered reaction mixture at 62 Celsius. Use a glass column filled with anhydrous calcium chloride to remove any 
water vapor that may carry over with cyanogen bromide. The collected cyanogen bromide should then be added to 
the other cyanogen bromide stored in a desiccator. The cyanogen bromide should be stored in a desiccator filled 
with anhydrous calcium chloride, and stored in a refrigerator until use. This cyanogen bromide should be used 
within 2 months of preparation. 


PROCEDURE II: 


NaOH Na CN 
Bry > > Br Cc N 


H2S0,4 cyanogen bromide 


Into a suitable flask, place 120 grams of sodium hydroxide, followed by 480 milliliters of water. Note: during the 
addition of the water, excessive heat will be generated. Then allow the sodium hydroxide solution to cool to room 
temperature. Then slowly and carefully add 240 grams of bromine to the sodium hydroxide solution. Note: During 
the addition, sodium bromide and sodium bromate will form; if any solids precipitate from the reaction mixture 
after the addition of the bromine, add enough water, with stirring, to dissolve them. After the bromine has been 
added, and the reaction mixture is a colorless solution with no precipitated solids, carefully add 73.5 grams of 
pulverized sodium cyanide over a sufficient time as to keep the reaction mixtures temperature at room 
temperature. During the addition, vigorously stir the reaction mixture. Immediately after the addition of the sodium 
cyanide, gently add a dilute sulfuric acid solution prepared by adding 147 grams of cone. sulfuric acid into 355 
milliliters of water, Note: The addition of sulfuric acid to water results in the generation of much heat, allow this 
sulfuric acid solution to cool to room temperature before using: prepare this solution before starting the whole of 
this procedure. During the addition of the dilute sulfuric acid solution, vigorously stir the reaction mixture, and 
keep its temperature at room temperature. After the addition of the dilute sulfuric acid solution, stir the reaction 
mixture at room temperature for 30 minutes. Then place the entire reaction mixture into a common distillation 
apparatus, and carefully distill the reaction mixture at 62 Celsius to obtain cyanogen bromide crystals, which will 
be collected in the condenser of the distillation apparatus. Note: During the distillation of the reaction mixture, the 
cyanogen bromide will condense onto the surface of the inner tube of the cold-water condenser, where it will stick 
forming a pasty mass. After the distillation of the reaction mixture, the condenser should be removed, and then 
gently and quickly heated using a low flame from a Bunsen burner or the like, so the cyanogen bromide melts and 
it can then be collected into a beaker or flask. Note: in some cases, a small amount of the cyanogen bromide may 
distill all the way over into the receiver flask. After the cyanogen bromide has been recovered, place it into a 
desiccator filled with anhydrous calcium chloride, and allow it to dry for 24 hours, or until dry. The cyanogen 
bromide should be stored in a desiccator filled with anhydrous calcium chloride, and stored in a refrigerator until 
use. This cyanogen bromide should be used within 2 months of preparation. 


5, Arsine. Arsenic hydride; Hydrogen arsenide 


H 


As 
“a a 


Molecular Formula: H3As | Formula Weight: 77.94542 
Composition: H(3.88%) As(96.12%) | RDBE: 0 
Monoisotopic Mass: 77.945072 Da | Nominal Mass: 78 Da 
| 
| 


Average Mass: 77.9454 Da M+: 77.944523 Da 
M-: 77.945621 Da [M+H]+: 78.952349 Da 
[M+H]-: 78.953446 Da [M-H]+: 76.936698 Da 
[M-H]-: 76.937796 Da Smiles: [AsH3] 
InChl = 1S/AsH3/h1 H3 


Arsine is a colorless gas with a disagreeable garlic like odor. The gas is neither acidic nor basic, but it can form 
arsenides with various reactive metals. The gas has a melting point of —-117 Celsius, and a boiling point of -62 
Celsius. It is relatively stable under normal conditions, but it begins to decompose when heated to 300 Celsius. 
Moist arsine tends to decompose rather quickly when exposed to sunlight. Arsine is slightly soluble in water. It is a 
highly toxic gas, capable of causing death if inhaled. Chronic exposure to non-lethal amounts can lead to 


headaches, dyspnea, abdominal and back pain, nausea, and vomiting. Inhalation of lethal concentrations is easily 
fetal within minutes. Because of its tendency to decompose in moist environments within direct sunlight, and with 

its extremely low persistence in the environment, its use in military operations is limited. It has very poor persistent 
in the environment, even under extremely cold conditions. Arsine can be used effectively within enclosed 
environments such as bunkers, tunnels, rooms, buildings, and the like with lethal results. In open-air environments, 
the gas is easily swept away with the slightest breeze. Within enclosed environments such as rooms and tunnels 

with poor ventilation, the gas can persist for several days, to several weeks under dry and cool conditions. The 
persistence of arsine within enclosed areas is less then hydrogen cyanide. Although arsine shows less persistence 

and stability then most chemical warfare agents, it should not be under estimated or forgotten. Arsine is easily 
decomposed by strong oxidizers such as chlorine water, bleach, potassium permanganate solution, or bleaching 
powder. Skin exposure and eye exposure to the gas may cause delayed irritation. Arsine should be disseminated 

using aerosols. Arsine is a fast acting blood agent capable of causing casualties within minutes of 
dissemination. The lethal dose through inhalation ranges from 40 to 120 milligrams per person. Lethal doses 
through inhalation may be as low 20 milligrams in certain people due to arsine generated allergic like 
reactions. Even though arsine has a disagreeable garlic odor, it may go unnoticed. Skin and eye exposure to 
as little as 5 milligrams may produce delayed irritation. Exposure to 500 to 1500 parts per minute over a 
period of 5 to 10 minutes may be fetal. Reports have shown that exposure to as little as 100 parts per minute 
over short periods of time can be fatal. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blood agent): 9 | Field Stability: 5 
Persistence (open area): 3 | Storage stability: 9 
Persistence (enclosed area): 8 | Toxicity (as blood agent): 9 


TOTAL EFFECTIVENESS (as blood agent): 7.1 
OVERALL TOXICITY (as warfare agent): 7'2 
ARNING! 


PREPARATION I: 
As 
300 Celsius 10% HCI a a 


Zinc Arsine 


Arsenic 


Into a quartz, nickel, or steel crucible, place 31 grams of finely divided arsenic, followed by 40.5 grams of finely 
divided zinc. Thereafter, carefully heat this mixture at 300 Celsius using a standard laboratory Bunsen burner, or 
oven for about 2 hours. Note: During the heating, the heat should not go above 300 Celsius. In some cases, some 
sublimation might take place. If during the heating process some sublimation takes place, reduce the heat 
immediately. After heating the mixture for about 2 hours at 300 Celsius, remove the heat source, and allow the 
contents in the crucible to cool to room temperature. Thereafter. place the contents of the crucible into a suitable 
flask, and then add-in all at once, 1100 grams of a dilute hydrochloric acid solution prepared by adding 310 grams 
of conc. hydrochloric acid into 790 grams of water. After the addition of the dilute hydrochloric acid solution, 
heat the reaction mixture at 40 to 60 Celsius with moderate stirring. Note: during the addition, and during the 
heating process, arsine gas will be steadily evolved. During the heating process. monitor the gas evolution from the 
reaction mixture carefully, so as to prevent a possible violent and rapid formation of arsine gas. Hydrogen gas is the 
main gas product. If during the heating process, a rapid evolution of gas is evolved, physically remove the heat 
source from contact with the flask immediately. Heat and stir the reaction mixture at 40 to 60 Celsius for about 2 


hours, or until no more gas is seen evolving from the reaction mixture (bubbling up). When no more gas is seen 
evolving from the reaction mixture, remove the heat source, and then discard the reaction mixture once its contents 
have cooled to room temperature. The liquid slushy arsine product obtained in the dry ice condenser should then be 
stored in self-purchased lecture bottles, or immediately placed into pressure containers for aerosol munitions. 


dilute hydrochloric; 


acid solution anhydrous calcium 


chloride 


reaction flask 
containing 
arsenic/zinc 
mixture 


glass column filled 
with glass beads 


—liquid arsine 


pure dry ice bath— 


6. Vinylarsine. Trivinylarsenic; Tris(vinyl)arsine 


aN » 
CH—A 
CH=CH, 
Molecular Formula: CsHoAs Formula Weight: 156.05726 
Composition: C(46.18%) H(5.81%) RDBE: 3 
As(48.01%) 
Monoisotopic Mass: 155.992022 Da Nominal Mass: 156 Da 
Average Mass: 156.0573 Da M+: 155.991474 Da 
M-: 155.992571 Da [M+H]+: 156.999299 Da 
[M+H]-: 157.000396 Da [M-H]+: 154.983649 Da 
[M-H]-: 154.984746 Da Smiles: C=C[As](C=C)C=C 
InChI = 1S/C6H9As/c1-4-7(5-2)6- 
3/h4-6H, 1-3H2 


Vinylarsine forms a colorless liquid, with a boiling point of 124 Celsius. The liquid and vapor have an irritating and 
biting odor, but in some cases the vapor may go unnoticed. Vinylarsine is stable, and can persist for a long time 
with proper storage. Impure vinylarsine may slowly polymerize on long standing. It is soluble in the usual organic 
solvents, and only slightly soluble in water. Water tends to slowly decompose vinylarsine, but only at very slow 
rates; alkalis speed up the process, and bleach completely destroys vinylarsine within minutes. Vinylarsine can act 
not only as a blood agent, but as a blister agent as well. Skin contact with the agent can produce irritation leading to 
blisters within 4 to 12 hours. Blister formation may be prevented although, due to its irritating nature upon skin 
contact, hence alerting the victim to its presence. Eye contact of the vapor can lead to severe irritation, with 
temporary eye illness. Inhalation of the agent can be fatal in high concentrations, and chronic exposure to low 
concentrations may lead to systematic poisoning resulting in permanent illness. Vinylarsine has demonstrated 
potential military use, and its greatest aspect is that it’s a liquid. Unlike most blood agents, which are gases, 
vinylarsine can be used in field operations to contaminate environments. It is volatile under normal conditions, but 
its volatility is far less then that of the other blood agents. Vinylarsine can persist in the environment for up to 7 
days under affluent conditions; cool and dry. Warm and moist environments are less suitable for vinylarsine due to 
volatility and decomposition. Within enclosed areas such as bunkers, tunnels, and rooms, vinylarsine can 
demonstrate excellent persistence; being able to last for up to 2 weeks or longer. Vinylarsine is best disseminated 
from acrosols, but it can be effectively disseminated using explosives munitions, atomizers or humidifiers, or 
foggers. Vinylarsine can penetrate through certain rubbers. Some military gas masks may be susceptible to 
absorption by vinylarsine, rendering them ineffective at removing said agent. Vinylarsine is a moderate fast 
acting blood agent capable of causing casualties with minutes of dissemination. Vinylarsine can also be used 
as a blister agent; causing blisters within 32 hours of exposure to liquid or vapor. Inhalation of vinylarsine 
can produce immediate irritation and pain, but in some cases these effects can be delayed by up to 8 hours. 
Skin contact to as little as 15 milligrams may produce significant irritation. The lethal dose through 
inhalation in the average man ranges from 250 milligrams to 1500 milligrams. Inhalation of as little as 1500 
to 2500 parts per million over period of 15 to 30 minutes can lead to death some cases. As little as 15 to 20 
milligrams of the vapor or liquid on the skin can result in blisters up to 32 hours of exposure if not 
immediately treated. 


OVERALL RATING (scale from 1 to 10) 


Lffectiveness (as blood agent): 7 | Field Stability: 8 
Persistence (open area): 7 | Storage stability: 9 
Persistence (enclosed area): 9 | Toxicity (as blood agent): 6 


TOTAL EFFECTIVENESS (as blood agent): 7.6 
OVERALL TON TOL (as warfare agent): 6 


PROCEDURE I: 


CH Cl 
3Mg a a 
Sie we THF 3H2C Mg. Pentane 
‘CH “THF 
chy ci ~~ reflux 40 Celsius 

AS ~ 
HC 

cl \ 

aN a 
CH—As 
CH——CH, 

vinylarsine 


Into a suitable flask, place 500 milliliters of tetrahydrofuran, and then bubble into the tetrahydrofuran, 31 grams 
of vinyl chloride. Once all the vinyl chloride gas been added, place the mixture into an ice bath, and chill to 0 
Celsius. When the temperature of the mixture reaches 0 Celsius, carefully add, in small portions, 12 grams of 
magnesium turnings. During the addition of the magnesium, vigorously stir the tetrahydrofuran mixture, and 
maintain its temperature below 50 Celsius. After the addition of the magnesium, continue to stir the reaction 
mixture below 50 Celsius for about 1 hour. After 1 hour, place 250 milliliters of pentane into a clean flask, and 
then add and dissolve 30 grams of arsenic trichloride into the pentane. Then gently heat this arsenic 
trichloride/pentane mixture to reflux at about 40 Celsius. Then slowly add, over a period of about 2 hours, the 
tetrahydrofuran/vinyl chloride/magnesium mixture drop wise, while vigorously stirring the arsenic 
trichloride/pentane mixture and refluxing it at a temperature of around 40 Celsius. After the addition, continue to 
stir the reaction mixture for about 1 hour, and then remove the heat source, and allow the reaction mixture to cool 

to room temperature. After the reaction mixture has cooled to room temperature, allow it to stand overnight for 12 
hours at room temperature. Then add in 500 milliliters of cold water, and then stir the whole reaction mixture for 
30 minutes. Note: A two-layer mixture will result. Thereafter, remove the upper organic layer using a separatory 
funnel, and then extract the lower water layer with 250 milliliters of pentane, and then remove the upper pentane 
layer using a separatory funnel. Note: In some cases the pentane layer might be the bottom layer. Then combine 
both pentane layers, and then add 5 grams of anhydrous sodium sulfate (to absorb water), and stir the mixture for 
several minutes. Then filter-off the sodium sulfate and then place the filtered pentane mixture into a distillation 
apparatus, and distill at 124 Celsius at atmospheric pressure to obtain a purified vinylarsine product. Re-distillation 
of the vinylarsine is not needed for use in military operations. 


7. Phosgene. Carbonyl chloride. Carbonic dichloride; chloroformyl chloride 


Cl 
cl 
Molecular Formula: CCl,0 Formula Weight: 98.9161 
Composition: C(12.14%) Cl(71.68%) | Molar Refractivity: 16.40 + 0.3 cm 
O(16.17%) : 
Molar Volume: 64.9 + 3.0 cm” Parachor: 153.8 + 4.0 cm* 
Index of Refraction: 1.419 + 0.02 Surface Tension: 31.5 + 3.0 dyne/em 
Density: 1.523 + 0.06 giom® Polarizability: 6.50 + 0.5 10cm? 
RDBE: | Monoisotopic Mass: 97.93262 Da 
Nominal Mass: 98 Da Average Mass: 98.9161 Da 
M+: 97.932071 Da M-: 97.933169 Da 
[M+H]+: 98.939896 Da [M+H]-: 98.940994 Da 
[M-H]+: 96.924246 Da [M-H]-: 96.925344 Da 
Smiles: CIC(C)=O InChl = 1$/CCI20/c2-1(3)4 


Phosgene forms a colorless gas, which condenses to a colorless to slightly yellow liquid. It has melting point of — 
118 Celsius, and a boiling point of 8 Celsius. It is readily condensed into a colorless fuming liquid at 0 Celsius. 
Phosgene is only slightly soluble in water, but it is soluble in benzene, toluene, glacial acetic acid, and most 
hydrocarbon solvents. Phosgene has a suffocating odor, which smells of moldy hay when in dilute concentrations. 
The gas can be detected by its odor, as well as suffocating nature when in high concentrations, but it can go 
unnoticed, even in high concentrations. Phosgene is a highly poisonous gas, and it is regarded as a very insidious 
poison, meaning it tends to linger. Phosgene is not immediately irritating upon skin, and eye contact, and inhalation 
of the gas is not immediately irritating either, even when in high concentrations. It is a powerful chocking agent, as 
well as blood agent, and it is capable of producing a symptom, which is called “dry land drowning”. This symptom 
refers to the physiological and agonizing effects an exposed person suffers after inhalation of high concentrations 


of phosgene. In essence, the gas causes severe fluid buildup in the lungs, resulting in a sense of “drowning”. Even 
inhalation of low concentrations of the gas can lead to severe fluid buildup in the lungs. Inhalation of lethal 
concentrations of the gas may lead to death within minutes. Chronic exposure to non-lethal concentrations of the 

gas can lead to pulmonary edema, pneumonia, choking, coughing. and painful breathing. The persistence of 
phosgene is relatively low in the environment due to its volatility, but when used within enclosed areas, it can be 
highly persistent; lasting for days to weeks under normal conditions. Even though its persistence in the environment 
is rather poor, its use in field operations is still regarded as “effective” due to its choking nature. Personnel exposed 
to high, moderate, and even low concentrations of the gas will experience excessive fluid build up in the lungs, 
resulting in respiratory difficulties. Personnel who inhale the gas, and then mask themselves (as trained to do when 
under chemical attack), may feel a strong urge to de-mask due to respiratory distress effects including coughing, 
vomiting, severe runny nose, and congestion. When the agent is disseminated within enclosed areas, exposed 
personnel will most likely die from inhalation. Phosgene is highly effective when disseminated along with the 

nerve agents; the phosgene causes severe coughing, runny nose, and respiratory illness, which makes it highly 
difficult for personnel to keep their gas masks on. Phosgene is best disseminated from aerosols. Inhalation of 
phosgene produces incapacitation to any exposed personnel due to excessive fluid buildup in the lungs, and severe 
runny nose and congestion. These effects make it extremely hard for personnel to carryout their normal duties. 
Phosgene is easily decontaminated with bleach, or strong alkali. Phosgene is a fast acting choking agent capable 
of producing casualties within minutes of dissemination. Eye and skin contact to the gas or liquid is 
relatively non-irritating, and irritation usually only develops after 1 to 4 hours. Inhalation of the gas is non- 
irritating as well, but irritation usually follows within 1 hour of exposure. The direct lethal dose through 
inhalation is as high as 3200 milligrams per person, but may be as low as 1200 milligrams. Inhalation of as 
little as 1500 to 3500 parts per million over prolonged periods of time ranging from 30 to 60 minutes can lead 
to death, Phosgene through skin and eye absorption is relatively non toxic, but eye and skin absorption of as 
little as 150 milligrams can lead to systematic toxic effects in some people. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blood agent): 10 Field Stability: 5 
Persistence (open area): 6 Storage stability: 8 
Persistence (enclosed area): 9 Toxicity (as blood agent): 6 


TOTAL EFFECTIVENESS (as blood agent): 7.3 
OVERALL TOXICITY (as warfare agent): 51 


PREPARATION I: 
cl 
cl co 
a —— 
7 -40 Celsius c 0 
cl 
phosgene 


Assemble the two apparatuses as illustrated below, and then in the first apparatus, pass 90 grams of dry chlorine 
gas into the reaction flask, which is heated to 100 Celsius. The heated chlorine gas then passes over to the cold- 
water condenser, where it is cooled, and the chlorine gas then proceeds into the dry ice/acetone trap. The dry 
ice/acetone trap condenses the chlorine into a liquid, which then drips into the receiver flask. Note: The dry 
ice/acetone trap, and condenser should be at —SO to -40 Celsius at all times. Once all the chlorine gas has been 
passed through the reaction flask, and exists as a liquid in the receiver flask, bubble 28 grams of dry carbon 
monoxide into the receiver flask. The receiver flask is kept in a dry ice/acetone bath to keep the chlorine liquid 
during the addition of the carbon monoxide. After all the carbon monoxide has been added, assemble the second 
apparatus illustrated below, and then simply remove the necessary glass components, and replace them with the 


appropriate ones. Thereafter, place the flask containing the reaction mixture into an ice bath, and slowly allow the 
ice bath to melt, and warm to a temperature of room temperature. During the warming process, the excess liquid 
chlorine will first volatize, forming gaseous chlorine, which will be vented off, and the phosgene gas will volatize 
into a gas, and will be carried over to the salt/ice bath, where it will condense into a liquid. Note: The salt/ice bath 
should be at -10 Celsius at all times. The collected liquid phosgene should be immediately stored into lecture 
bottles, pressure containers, or stored in amber glass bottles in a freezer. Note: Freezers are not recommend because 
power failures can result in warming that would cause the agent to volatize. 
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PREPARATION IT: 
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Set-up the apparatus illustrated below (make sure to fill each tube with a fine layer of activated charcoal, 25 
grams each tube), and then pass 90 grams of dry chlorine gas, and 40 grams of dry carbon monoxide through 
the apparatus; both gases should be added simultaneously and evenly. The electric heating coils should be at 80 


Celsius all throughout the gas flow. Phosgene gas will be steadily evolved, and it will carry over with un-reacted 
chlorine, and carbon monoxide. The phosgene is then condensed into liquid phosgene by means of a salt/ice bath. 
The salt/ice bath should be at —10 Celsius at all times. If a steady flow of chlorine and carbon monoxide is 
available, this process can be used to continuously prepare phosgene. The collected liquid phosgene should be 
immediately stored into lecture bottles, pressure containers, or stored in amber glass bottles in a freezer. Note: 
Freezers are not recommend because power failures can result in warming that would cause the agent to volatize. 
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Chapter 03: Active duty Blister agents 
(Vesicants) 


Introduction 


The blister agents, or vesicants are a class of chemical compounds that react with tissue producing series damaging 
effects. Blister agents are capable of producing burn like damage to the skin, eyes, respiratory tract, and 
gastrointestinal tract. Many of these burns resemble fire burns. Exposure to blister agents leads to horrific blisters, 
soars, welts, and burns within 24 hours of exposure and these effects can be very painful in nature. The blisters 
themselves usually contain secondary toxic compounds as the fluid, which can cause the blisters, soars, or burns to 
spread over wider areas of the body. 

There are four major classes of blister agents: 1) Sulfur mustards, 2) Nitrogen mustards, 3) Arsenicals, and 4) 
Halogenated oximes. Sulfur mustards are the most well known, and were first prepared in the early 1800's by 
German and French chemists. Their damaging nature upon the skin was not realized until the late 1800's when they 
were then mass produced by the Germans for use in warfare; large amounts of mustard gas were used by the 
Germans during World war I, resulting in the deaths of over 120,000 French, and British troops; nonetheless, 
chemical warfare attacks only accounted for 3% of total war-time casualties. Note: American causalities from 
mustard gas and other similar chemical attacks by the Germans were virtually non-existent due to the fact that 
America did not get involved in the war until the closing months. Note: The great influenza outbreak of 1918 
decimated the German lines, ultimately forcing the Germans to the peace table. No one knows for sure what caused 
this outbreak, which killed 40 million people in less then 2 years; however, it has been widely speculated the 
Americans were the source of the influenza virus; of coarse, there is no true evidence to support this claim. 
Mustard gas was the first chemical warfare agent used on a massive scale in war, and it paved the way for the 
future of chemical warfare. Nitrogen mustards were developed some decades later, and are more potent then the 
sulfur mustards. Arsenicals were adopted for mass production around the same time period, and they have similar 
effects. Arsenicals can double not only as blister agents, but blood agents as well. 

Blister agents are designed to contaminate areas to halt enemy troop movements, divert movements, force enemy 
troops to remain in full protective gear for long periods of time thereby degrading motivation and moral, and to 
harass, and confuse enemy personnel. Blister agents are used to produce injuries rather then to kill, although 
exposure to them can be fetal under appropriate conditions. 

Blister agents are very persistent in the environment, especially during dry and cold periods. They are capable of 
penetrating rubber, wood, clothing, vegetation, and some plastics. Areas contaminated with blister agents can give 
rise to casualties’ weeks after dissemination. Simply sitting down on a patch of grass contaminated can lead to 
poisoning. Example, during World War I, a British soldier sat down on a patch of grass, which was unknowingly 
contaminated with mustard gas (in the form of small droplets). Several hours after the exposure, he developed 
severe blisters and burns on his butt and backside. This contaminated area was thought to have been cleared after 
its contamination three weeks earlier. 


I. Mustard agents 


Mustard agents are derived into two groups: 1) Sulfur mustards and 2) Nitrogen mustards. The sulfur mustards are 
classified by the following group. 


R s R. 
eo a al Sag 


R and R' can be hydrogen, methyl, ethyl, or isopropyl groups, but are usually methyl groups. The chlorines on the 
R and R1 groups can be replaced by bromine, but this is not usual. The chlorine atoms are usually on the beta 
position, meaning off the R and R! groups. If the chlorines were off the -CH>2 groups, vesicant properties would 
still exist, but would be less severe. All sulfur mustards are classified by their central sulfur atom, which is clearly 
visible at this point. 

Nitrogen mustards are similar to sulfur mustards, but the central sulfur atom is replaced by nitrogen. The chlorines 
of nitrogen mustards are in the usual places. 


In the above figure, the R group can be hydrogen, methyl, ethyl, propyl, or isopropyl; the X can be hydrogen, 
chlorine, or bromine. The R1 and R2 groups can be methyl, ethyl, propyl, or isopropyl. The chlorines can be 
replaced with bromine, but this is not usual. If the halogens are off the -CH> groups, vesicant properties still exist, 
but with diminished effect. 


Physical and Chemical properties 


The mustards are all colorless to brownish liquids with characteristic odors. They are very soluble in most common 
organic solvents, and they are capable of penetrating (though absorption) cell membranes in tissues, as well as a 
great number of materials including wood, leather, rubber, plants, fibers, and some plastics. The penetrating nature 
of mustards makes it very difficult to adequately protect personnel, as many types of clothing can be penetrated by 
the mustards. Mustards are very persistent in the environment especially in cold and temperate climates. ‘The 
persistence of the mustards can be greatly increased by dissolving them in chlorinated rubber. This action produces 
what is known as “thickened” mustards. Thickened mustards can persist up to five times longer then ordinary 
mustards. Thickened mustards can be disseminated and sprayed from hand held systems similar to flame throwers 
to stick to, and contaminate environments such as caves, bunkers, tunnels, ships, buildings, and more. 

In warmer climates the persistence of the mustards is decreased due to hydrolysis, but higher rates of vapor occur in 
these climates making the mustard agents more hazardous through inhalation. 

The persistence of the mustards within water is dependent on several factors. Mustards as drops on the surface of 
water can persist for several days, or up to a week. Since mustards are insoluble in water, they form a two-phase 
mixture; the mustards being the bottom layer. Even though the mustards are denser then water, droplets tends to 
linger on the surface of water. Persistence of mustards with running or mobile water is much lower due to higher 
surface areas. In some cases, droplets of mustards on the surface of water can last up to 3 months. As expected, 
alkaline solutions greatly increase the rate of hydrolysis. 

Sulfur mustards are easily destroyed with strong oxidizing agents, such as bleach, bleaching powder, potassium 
permanganate, nitric acid, and potassium dichromate. Nitrogen mustards however, are much less reactive then the 
sulfur mustards, and destruction via oxidation is very difficult. In most cases, nitrogen mustards must be neutralized 
with chemicals such as sodium hydroxide, metallic sodium, and chlorinated phenols. In most of these cases, 
decontamination of nitrogen mustards is very difficult, especially under field conditions where they can linger in 
many locations. 


Detection 


The mustards can be detected using indicator paper composed of para-nitrobenzpyridine. This indicator paper can 
detect traces of mustard in the air. Upon exposure to trace amounts of mustards, the indicator paper changes from 
colorless to deep blue or red; although, the color may vary from pink to yellow to green depending on the traces of 
mustard agent present, and the exact mustard agent present. These indicator papers are widely available, and are 
issued to military personnel. The indicator paper can be used by simply attaching a strip onto the soldiers’ helmet, 
LBE, or rucksack. Most militaries have electronic monitors that can detect mustards over a wide range of 
concentrations. 


Protection 


Ordinary clothing gives little protection to the mustards. Most clothing can be penetrated by mustards, and only 
specialty clothing such as NBC suits, and appropriate chemical suits provide any protection. Even the US militaries 
NBC clothing can absorb appreciable amounts of the mustard agents giving rise to blisters and/or systematic 
poisoning. Most so-called military protective clothing must be changed regularly regardless of effectiveness 

because mustard agents slowly absorb through most known clothing. Some full body suits made of special 
polymers can provide full protection, but would lead to body suffocation resulting in dizziness, and collapse due to 
poor ventilation: think of wearing a full body wet suit for prolonged periods of time without going into the water. In 
this case, these types of suits would be impractical for soldiers working and living under field conditions. 


Currently, there are no antidotes or cures against blister agent exposure or contamination. It is possible to protect 
the skin from low vapor and droplet concentrations by applying to the skin an ointment made of chloramine (or a 
chlorinated phenol) and petroleum jelly, but this treatment appears to be far to impractical for massive field 
operations, The only practical method of skin protection is the use of standard military protective clothing, which 
must be changed periodically. 


Decontamination 


The problems with decontamination is the fact that exposure to mustard agents is delayed. Skin and eye contact can 
be delayed for up to 12 hours. Exposure of mustard agents through inhalation can be delayed up to 8 hours. In 
many cases, immediate exposure through inhalation produces no irritation or pain. In some cases, skin exposure can 
lead to mild irritation due to partial hydrolysis of the mustard agent producing hydrochloric acid. In this case, the 
skin must be moist in order for the slight irritation to occur. 

Decontamination of the eyes and nose is difficult, and almost impossible. The only relevant thing to do is flush the 
eyes with excessive amounts of warm soapy water, followed by a dilute solution of sodium bicarbonate. The eyes 
should then be flushed with large amounts of warm water. A dilute paste of phenol can be applied to the eyelids 
and the skin around the eyes, to provide relief and some healing effects. ‘This phenol paste can be replaced by 
common Chap Stick containing phenol. 

Decontamination of the skin is relatively easy, but as previously mentioned, symptoms are delayed. Avoiding burns 
and blisters can be tricky, but as soon as symptoms appear, the skin should be immediately scrubbed with a sponge 
or brillow pad along with hot soapy water. Thereafter, the effected areas should be washed with gasoline or other 
hydrocarbon solvents. A dilute phenol mixture made of wax or jelly can be applied to the skin to relieve pain and 
help healing. Do not flush the wounds directly with water, unless over a sink. Scrubbing the wounds with excessive 
amounts of water can actually spread the agent over more skin areas, especially if splashing occurs. 

Overall, decontamination of mustard agents is difficult primarily due to their delayed action. A simple drop of HN3 
on the skin for example, produces no immediate irritation, and the agent is absorbed within minutes. Within 12 
hours, wounds will begin appearing. As soon as wounds begin forming, decontamination should begin 
immediately. If untreated, within 24 hours the blisters will begin to spread, contaminating more areas of flesh. In 
essence, exposure to mustard agents is like the flesh-eating virus; it destroys tissue producing ugly and grotesque 
injuries. The degree to which the agent spreads is predominantly based on the amount of mustard agent absorbed. 
Usually, small drops or vapor will only contaminates small areas of the skin, but in some cases, larger areas can be 
effective. If there is any doubt to whether you might be exposed to mustard agents, you should always immediately 
decontaminate yourself using standard issue kits. 
Decontamination of the penis, vagina, or the rectum should be carefully carried out by medical staff. The effected 
areas in this case should be treated with a dilute chlorine water solution, followed by irrigation with saline solution. 
As you might imagine, contamination of the penis, vagina, or rectum area with mustard agents would be a 
nightmare on its own level. Documented cases of persons exposed in this manner have occurred, but all persons 
made full recoveries (some after skin graphs, and other surgeries). The rectum can absorb mustard agents three 
times faster then normal skin. Absorption of mustards agents through the rectum can lead to series injury, but 
nothing life threatening (all though you might wish it had). 


Mechanism of action 


Sulfur and nitrogen mustards are bifunctional alkylating agents capable of reacting with the backbone elements of 
tissue. They also chemically react with DNA and RNA. The mustards chemically react with cellular components 
within the skin to produce alkylenesulfonium ions (for sulfur mustards), or alkylethylenimonium ions (with 
nitrogen mustards). Reactions with DNA produce monofunctional adducts forming alkyl hydroxyalkyls, with 
bifunctional binding leading to formation of cross-links between the mono and bifunctional adducts. Alkylation 
with RNA, proteins, cellular membrane components, and cross-linked molecules between DNA and proteins is the 
main result of cellular damage causing blisters. In essence, the mustard agents react with elements within the tissue 
including DNA, RNA, proteins, and cellular membrane components resulting in extreme tissue damage. Because 
mustards react with DNA, it’s possible that exposed personnel who make full recoveries might actually be able to 
pass the damaged genes over to their kids resulting in potential birth defects, or mental illness. 

For DNA, the relative instability of the reaction products as a result of mustard contamination affects the guanine 
N7-alkylation, which is released from the DNA segment. Upon DNA replication, the remaining apurinic sites do 
not provide proper replicates or proper templates of information to the surrounding media; as a result, severe 
erroneous is incorporated into the nucleotides. This activity leads to mutations and synthesis of non-functional 
proteins resulting in tissue damage, and systematic poisoning; effects which may be permanent in nature. 

In general, the presence of damage to the DNA can include cellular repair mechanisms, which may contain 
problems including error encoding and replication errors; as a result, these processes may give rise to erroneious 
DNA replications. In other words, the processes lead to mutations of the gene sequence leading to a variety of 
illnesses. The cross-links including interstrand cross-links, for example, between two guanines may play a crucial 
role in the cytotoxicity of the mustards. In essence, they inhibit the DNA replication process when they are not 
properly repaired through normal sequence processes. 


Toxicity of the mustards 


The mustards are highly feared chemical warfare agents because of their chemical stability and persistence, their 
insidious nature for attacking the skin, eyes, and respiratory tract, and because there is no effective treatment for 
countering their effects. The mustards continue to worry military personnel due to the many problems they poses in 
the field of protection, decontamination, and treatment. 

There are two major biological actions that are produced upon the body after exposure to the mustards: 1) 
cytostatic, and 2) mutagenic. Secondary biological actions after exposure include an array of symptoms by 
reactions with cellular membranes or critical enzymes. The actions of the mustards upon the skin resemble ionizing 
radiation, and in some cases, the mustards are called radiomimetric compounds. ‘The predominate order of 
toxication includes a) proliferating cells, b) basel epiderman cells, c) haemopoietic system, and d) the muscosal 
lining of the intestine. 

The eyes are very sensitive to the mustards, and are more susceptible to contamination then either the respiratory 
tract or the skin. Levels of mustard agent to low to seriously affect the respiratory tract can lead to conjunctivitis 
after exposure to the eyes within | hour. General exposure of the vapor to the eyes produces lachrymation and a 
sensation of grit in the eyes within 4 to 12 hours. Within 4 to 12 hours as well, the eyelids become red and 
oedematous. Heavy exposure of the vapor irritates the eyes within 1 to 3 hours and produces severe lesions. 
Mustard burns of the eyes can be dived into several levels: 1) Mild conjunctivitis (75% of most exposure cases); 
recovery takes 1 to 2 weeks. 2) Severe conjunctivitis with minimal corneal involvement (15% of most exposure 
cases); blepharospasm, oedema of the lids and conjunctival occurs within 4 hours, as may an orange-peel like 
roughness may form on the cornea. Recovery in this case usually takes 2 to 5 weeks. 3) Mild corneal intrusion (9% 
of exposure cases). Includes areas of the corneal undergoing different degrees of scaring and vascularisation along 
with iritis. During short periods of time, temporary relapses occur and convalescence may take 2 to 3 weeks under 
normal conditions. This level of exposure should seek hospitalization immediately. 4) Sever corneal involvement 
(only about 1% of all eye exposure cases); this level includes ischaemic necrosis of the conjunctival, with dense 
corneal opacification with deep ulceration and vascularisation. Healing is generally slow, and convalescence may 
take several months. Patients may suffer from predisposed relapses, although, temporary blindness may occur. 
Permanent blindness is rare, but possible. 

Skin exposure to the mustards is the focal point of mustard agents. In 90% of all casualties as a result of exposure 
to mustards, skin intoxication is the predominate means for poisoning. Skin exposure to mustard agent is delayed 
by 4 to 8 hours, 99% of the time. In 1% of cases, skin exposure may develop irritation within 1 hour due to partial 
hydrolysis forming corrosive hydrochloric acid. The exact severity of skin damage as a result of skin contact 
depends on concentration, environmental conditions, and time of exposure. In cold climates, skin exposure to 
blister agents produces less severe effects after 4 to 8 hours due to cold temperatures resulting in low volatility and 


absorption rates. Warm climates and moist skin are associated with more severe cases of skin toxicity as a result of 
higher degrees of volatization. Some people are more sensitive to mustard agents either by vapor or liquid contact. 
For example, blacks, and tan skinned people are more sensitive to mustard agents. 

The sequence of skin damage takes on the following stages: 1) Erythema (develops 2 to 48 hours after exposure). 
These symptoms of skin exposure resemble that of scarlet fever. There is slight oedema of the skin, itching is very 
common and may become intense, and erythema fades areas of skin pigment. Other symptoms of this level 
resemble that of skin burns. 2) Blistering: blister formation is the forefront of mustard agent exposure. They 
develop within 4 to 8 hours of exposure, and can be massive in size. On average, blisters can be anywhere from | to 
3 inches in diameter, but larger blisters can form more common then one might suspect. In some cases, blisters will 
range from 5 to 20 millimeters in diameter. The blisters themselves often contain poisonous fluids, which can lead 
to additional poisoning; although, with the sulfur mustards, the fluid is usually not poisonous. In essence, most 
blisters are relatively painless, but they are capable of being very painful and irritating. Most blisters are 
physiologically painful, and produce emotional distress and discomfort. Blisters located near joints or flexible 
regions of the body can seriously impede movements resulting in a sense of physical incapacitation. A second crop 
of blisters may form within 1 week of the original mustard exposure. Casualties should have their blisters and 
effected areas tightly wrapped in medical bandages to protect further contamination of fresh skin. 3) Sever blisters: 
Severe blisters are very common in mustard agent exposures, and can lead to painful wounds resembling fire burns 
with complete loss of skin and tissue in the effected area. Areas contaminated become markedly erythematous, 
which darkens and may become very hyperpigmented. Brownish to purple to black discoloration of some effected 
areas may result. These discolorations tend to disappear over a period of several weeks. 

Different areas of the skin can give different results. The areas of the face and the mucous membranes are the most 
sensitive areas, and very little mustard agent is required to produce symptoms. The palms, the soles of the feet, and 
the skin of the scalp are very resistant to mustards, and only varying concentrations of vapor or liquid will produce 
discoloration and erythema. Blister formation results with higher concentrations in about 4 to 12 hours. 

Most blisters are 1 to 2 centimeters in diameter, but can be much larger. They tend to form domes, which are thin 
and yellowish, and contain a clear to yellowish liquid. The blisters are very fragile, and usually rupture with case 
giving way to suppurating and necrotic wounds. The necrosis of the epidermal cell tends to get extended to the 
underlying tissues, especially to the dermis. Damaged tissue becomes covered in layers of slough, and become 
susceptible to infection. The regeneration of this damaged tissue is very slow, and may take between 2 to 3 weeks 
or even several months to restore the damaged skin areas. In some cases, permanent tissue and skin damage results. 
The respiratory tract is very susceptible to attack by mustard agents, as well as all mucous membranes of the 
respiratory tract. After 4 to 6 hours of exposure, mustards begin to irritate and congest the mucous membranes of 
the nasal cavity and the throat, as well as the epitheliums of the trachea and large bronchi. Symptoms start with 
rhinorrhoea, followed by burning pain in the throat and hoarseness of the voice. Dry coughs tend to give way to 
copious expectoration, and the vocal cords often become damaged resulting in aphonia. 


Exposure to the lungs leads to airway secretions and fragments resulting in necrotic epiteliums, which may restrict 
the lungs. Damaged lower airways become infected easily, with the formation of bronchopneumonia resulting after 
48 hours. Inhalation of high concentrations can be fetal within a few days—the cause of death is either from 
pulmonary oedema or mechanical asphyxia due to fragments of necrotic tissue obstructing the trachea or bronchi, 
or from superimposed bacterial infection, which results from impaired immune responses. 

A less recognized area of the body damaged by mustard agents includes the bone marrow. Mustards can cause 
general depletion of all elements of the bone marrow. The cells of the granulocyte and megacaryocytes are more 
susceptible to damage then those of the erythropoietic system. A common mode of damage results by a reactive 
leukocytosis, which occurs during the first 3 days of mustard agent exposure, followed by a decrease in the 
peripheral white cell count. Development of severe leucopoenia or aplastic anaemia may result. 

The gastrointestinal tract is much less common to exposure to the mustards, but it is susceptible to intoxication. 
Contamination in this regard occurs from ingestion of contaminated food or water. Symptoms include nausea, 
vomiting, pain, diarrhea, and prostration. 

Systematic absorption of any mustard under any condition can lead to general systematic poisoning. Effects include 
headache, nausea, vomiting, skin burns, blisters, respiratory distress, sever tissue damage, gastrointestinal illnesses, 
CNS depression, cardiac irregularities, radiation like tissue damage, and cardiac arrest. 


Treatment of mustard lesions 


There is no drug or medical treatment to cure the effects of mustard agents, and there is no specific treatment 
available for mustard lesions. The direct aim of treatment is to a) relieve pain of symptoms, b) prevent bacterial 
infections, and c) promote healing of effected areas. 

Eye lesions can be very painful, so direct treatment is to relieve the pain and decrease potential for infection. Use of 
local analgesics (pain killers) may increase corneal damage, and their use to relieve pain is not recommended. 
Injectable analgesics (narcotics) such as morphine can be administered to relieve general pain, but should not be 
administered for long periods of time. To prevent bacterial infections, the patients should be given oral doses of 
antibacterials. The eyes can be flushed with a dilute saline solution, and a dilute phenol gel can be applied to the 
eyelids, and the surrounding skin. 

Skin lesions should be washed with hot soapy water, followed by a dilute chlorine water solution. Care should be 
taken not to contaminate any other skin during the washing process. For mild skin exposures including general 
redness and itching, calamine lotion, dilute phenol jelly, water solutions of corticosteroids, or aloe Vera gels can be 
used to relieve pain after decontamination. Antibacterial ointments and creams should then be applied to decrease 
chances of infection rather then oral antibacterial doses. Severe skin burns, blisters, wounds, and the like should be 
decontaminated by scrubbing the wounds, followed by washing with saline and chlorine solutions. Morphine or 
codeine can be administered through injection prior to the sometimes painful process of scrubbing. Antibacterials 
should be administered orally to decrease chances of infections. Decontaminated areas can be coated with 
ointments or creams of aloe Vera gel, or other similar lotions. Treated areas of the skin should be monitored from 
time to time to check for signs of infection. In essence, the rate and degree at which wounds heal is dependent on 
the severity of contamination to begin with. 

Respiratory tract lesions can be very difficult to treat, and no real medical treatment is available. Mild exposure 
resulting in cough, soar throat, and hoarseness can be relieved with oral codeine administrations. Severe exposure is 
easily fetal within days, and the only thing that can be done is to administer antibacterial agents in order to decrease 
infections; nevertheless, serious injury or death can result from severe lung tissue damage. 

Systematic effects, as previously discussed, can be treated using different techniques. The first step is to eliminate 
the potential for infection. This can be done by administration of antibacterials when it seems fit. One method to 
decrease systematic effects can be the oral administration of sodium thiosulfate solution, but this must be 
administered within 20 to 60 minutes of exposure to mustards. Other methods of treatment include administration 
of morphine, or codeine to relieve pain, and administration of steroids; although, as with other symptoms, there is 
no real medical treatment, and patients should be monitored around the clock to keep a look at for potential arising 
symptoms. 


Secondary infections as a result of mustard agent exposure 


Secondary bacterial infections are a very common complication of mustard burns. Secondary infections may occur 
several days, to several weeks after exposure. Secondary bacterial infections usually occur with causalities 
suffering from moderate to severe exposure. Even after decontamination, and superficial treatment of wounds, 
secondary bacterial infections can occur, but is less of a concern in most patients. Secondary bacterial infections are 
more common in the respiratory areas, where treatment is best carried out by administration of antibacterial agents. 
Mild conjunctival burns are associated with pharyngitis, laryngitis, and tracheitis, which tends to increase over 
several days. Secondary infections usually occur in areas of irritation as a result of the body’s attempts to heal the 
effected areas. 


Long-term effects of mustard exposure 


The long-term effects of exposure to mustard agents are divided into basically three categories: a) Personnel 
exposed to mustard agents may experience prolonged psychological effects including chronic depression, loss of 
libido, and anxiety. Many of these effects may be a result of blister agent injuries, which tend to persist for weeks 
even months resulting in periods of discomfort and irritation. b) Long term physical effects may include visual 
impairment, scarring of the skin, chronic bronchitis, bronchial stenosis, and increased sensitivity to other wise non- 
irritating substances. c) Many of the mustards are known carcinogens, and exposure can lead to skin cancer, or 
other cancers within 5 years of exposure; although, most cases of exposure will not develop cancer. Lung cancer is 
the greatest cancer risk for exposure to mustard agents, and may affect only 1 to 4% of people exposed to mustard 
agents through respiratory areas. Exposure of mustard agents to the genital areas may result in genital cancer of 
various types. In essence, areas of the body more sensitive to mustards are more likely to develop cancer. 


Ul. Arsenicals 
Introduction 


Arsenicals are another set of vesicants, or skin damaging agents that are capable of producing series burns, welts, 
blisters, soars, and scarring. The arsenicals contain a central arsenic atom, which is attached either to | or 2 chlorine 
atoms. The bonds between the chlorine and the arsenic are what give the arsenicals their vesicant power. The most 
common arsenical is lewisite, which was also created and manufactured by the Germans during World War I; 
although, its use was less than that of the sulfur mustards. 

The arsenicals are capable of blistering the skin in similar manners as the mustards, and their rates of action can be 
faster, or slower depending on climates and concentrations—the arsenicals tend to be less stable and persistent then 
the mustards. 


Physical and chemical characteristics 


Most arsenicals are colorless to odorless liquids under purified conditions, but most military grade arsenicals tend 
to have amber to brownish appearances due to impurities. Many of the arsenicals have germanium like odors also 
caused by impurities. Pure arsenical compounds are odorless, and give no hint of their presence. Many of the 
arsenicals are insoluble in water, but readily soluble in most organic solvents. Most arsenicals are hydrolyzed by 
water at much faster rates then the mustards. The following gives the backbone of the arsenicals: 
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In the above formulas, R can be methyl, ethyl, propyl, isopropyl, butyl, or a cyclic substrate. R1 can be hydrogen, 
methyl, ethyl, propyl, isopropyl, butyl, or a cyclic substrate. R2 and R3 can be methyl, ethyl, propyl, isopropyl, 
butyl, or a cyclic substrate. R4 can be methyl, ethyl, propyl, isopropyl, butyl, a cyclic substrate or a halogen, 
usually chlorine. X can be a halogen, methyl, ethyl, propyl, isopropyl, butyl, a cyclic substrate. 

There are two types of arsenicals: alkyl, and aryl. The alkyl arsenicals include lewisite, methyl dichloroarsine, and 
diethyl chloroarsine. The R group can be hydrogen, methyl, ethyl. propyl, isopropyl, or tert-butyl. The R1 groups 
can be methyl, ethyl, propyl, isopropyl, or butyl. The aryl arsenicals include phenyl-dichloroarsine, and 
diphenylchloroarsine. For the single aryl arsenicals, the R group can be methyl, ethyl. propyl, isopropyl, or tert- 
butyl, and the R1 group can be hydrogen, methyl, ethyl, propyl, isopropyl, or tert-butyl. 


Detection 


The detection of arsenicals can be tricky, but a number of detection papers are available. The most common test kit 
is sold under the name Draeger™, and is composed of tubes containing a reactive substance that changes color 
when trace amounts of arsenicals are present. No automatic detector systems are available for the detection of 
arsenicals in the field, and the Draeger tubes must be carried by individual soldiers. 


Protection 


As with the mustards, ordinary clothing gives no protection against arsenicals. Arsenicals can penetrate many types 
of cloth, fibers, rubber, wood, and several plastics; as a result, special chemical suits and protective masks are 
required for adequate protection. 


Decontamination 
Decontamination is the same as for the mustards, see vide supra 
Mechanism of action in the body 


The vesicant mechanism of action is similar to the mustards. The arsenicals easily penetrate the skin, from which 
the vesicant symptoms begin. They can spread to certain parts of the body, and they can even spread through out 
the body acting as a systematic poison. Along with the vesicant properties, arsenicals can act as blood agents by 
interfering with the hemoglobin group of enzymes. Arsenicals inhibit the pyruvate dehydrygenase within the 
system, which leads to hemoglobin disorders. 

The arsenicals react with lipoic acid, which is an essential part of the pyruvate dehydrogenase system. This action 
disrupts the pyruvate dehydrogenase action of coenzyme in the formation of acetyl-coenzyme-A from pyruvate. 
The action of arsenicals upon lipoic acid forms cyclic compounds, which interfere with energy production within 
the cells. 


Body effects 


Contact of liquid or vapor upon the eyes can produce series damage. On contact, pain and blepharospam occur 
almost immediately. Oedema of the conjunctival causes the eyes to swell and close within hours. Inflation of the 
iris occurs readily and rapidly after contact. Several hours after exposure, oedema of the eyelids begins to subside, 
but haziness of the cronea develops and iritis increases. Concentrations of arsenical exposure to the eyes dictates 
severity of injury and long term illness. In some cases the eyes may heal without residual effects, but sometimes 
pannus formation may result, with progression of massive necrosis developing later. The iritis will subside without 
series or permanent impairment of vision, if exposure to the arsenicals is mild. Exposure to high concentrations of 
vapor or liquid may cause severe hypopyon, terminating in necrosis, and resulting in permanent impairment of 
vision. Eye exposure to droplets of arsenicals produce immediate scarring on the contacted surfaces, producing a 
gray scarring of the cornea. Exposure of the eyes to arsenicals either mild or heavy can lead to secondary 
infections. In essence, exposure to arsenicals can lead to permanent blindness under many conditions. 

Liquid arsenicals on the skin produce more severe lesions then the mustards; although, mustard vapor is more 
harmful then arsenical vapor. Contamination of the skin leads to erythema, followed by vessication to the entire 
area. The blisters formed by arsenical exposure are slightly thicker then those of the mustards, and they consist of 
almost the complete thickness of the epidermis exposed. Arsenical blisters contain a yellowish fluid, which is 
considered non-toxic, but it does contain arsenic and may be poisonous under certain conditions. In essence, 
arsenicals produce deeper injuries to the connective tissue and muscle, and greater damage to the vascular area then 
with mustards. They also produce significant and more severe inflammatory reactions then the mustards. As with 
the mustards, infection is also a potential illness as a result of exposure. Arsenicals may also produce severe 
necrosis of the tissue, resulting in gangrene and slough like symptoms. 

Unlike the mustards, skin exposure to arsenicals produces irritation within minutes. Irritation and exposure effects 
may be delayed. Irritation from exposure may increase in severity with penetration with the formation of deep 
aching pains. Pain and irritation from exposure to arsenicals can help give rise to its presence, allowing for 
decontamination to immediately begin. After 5 minutes of exposure to the arsenicals, there appears a gray area of 
dead epitheliums. The erythema is similar to that caused by mustards, but with more pain. Itching and irritation will 
persist for about 24 hours or longer, regardless of blister formation. Blisters caused by arsenicals are more painful 
then those produced by the mustards. Pain usually subsides after 48 to 52 hours. 

Arsenical vapor is extremely irritating to the respiratory tract. Personnel will immediately be alerted to the presence 
of arsenicals, as they severely irritate the nose and throat. As with skin contact, inhalation of the arsenicals may be 
passive rather then irritating. During field operations, few injuries will result from respiratory exposure due to the 
alerting nature of the irritant substances. Soldiers will immediately put on masks after dissemination. Wounded 
soldiers who cannot put on their masks due to fighting injuries may suffer from inhalation exposure. In any light, 
inhalation of the arsenicals produces severe pulmonary oedema, which may be accompanied by pleural effusion. 


Systematic poisoning is the most common form of poisoning as a result of arsenical exposure. Liquid and vapor is 
easily absorbed into the blood stream causing systematic poisoning. One systematic effect arises from capillary 
permeability, which allows loss of sufficient fluid from the bloodstream leading to haemoconentration. Later 
effects of this symptom lead to shock, and then death. 


Excretion of oxidized products into the bile by the liver produces necrosis of the organs, necrosis of the mucosa of 
the biliary passages with perbiliary hemorrhages and some injury. Systematic poisoning from large skin burns 
causes pulmonary oedema, diarrhea, restlessness, weakness, lower body temperature, and low blood pressure. 


General treatment 


Although treatment of arsenicals can be difficult, there is medical treatment in the form of an antidote. The antidote 
is a compound called dimercaprol (2,3-dimercapto-propanol), and it is a colorless liquid, which is only slightly 
soluble in water. It is administered in very dilute aqueous solution either intravenously, or orally, and it converts the 
arsenic into water-soluble complexes. The water-soluble complexes are easily removed from the body through 
excretion, Dimercaprol also reactivates certain enzymes within the hemoglobin system, thus providing a cure for 
cases of systematic poisoning. Dimercaprol is toxic, and administration should be carried out by medical personnel 
only, In general, dimercaprol can be used for general skin poisoning, and systematic poisoning, but it has no effect 
against already formed blisters and wounds. 

The eyes can be treated by a dimercaprol eye ointment, which may diminish the effects of arsenical exposure if 
applied within 5 minutes of exposure. Delayed application will decrease effectiveness in treatment. In severe cases, 
morphine is administered to relieve pain. Atropine sulfate ointments can be applied to severe eye injuries with 
some rates of recovery. Along with the ointments, antibacterial agents should be administered to decrease potential 
of infections. For general treatment, medical grade saline solutions can be used to flush the eyes. 

Dimercaprol can be applied to the skin to treat exposure, but the dimercaprol must be applied within 15 minutes of 
skin exposure to arsenicals. The dimercaprol can be used to treat skin wounds, but only before blister formation. 
Other wise treatment of blisters caused by exposure to arsenicals is similar to that of the mustards. Sever burns 
caused by arsenicals resemble those of fire burns, and should be medically treated in the same manner as actual 
thermal burns. Morphine is usually administered to relieve pain, and antibiotics are administered to suppress 
infections. 


Ul. Phosgene oxime 
Introduction 


Phosgene oxime is the most common oxime from a small group of compounds called halogenated oximes. ‘The 
halogenated oximes were discovered in the late 1800's, and their use in warfare was considered almost 
immediately. The chlorinated oximes, are notoriously known as some of the most irritating substances known to 
man. Phosgene oxime was nicknamed nettle gas, or hornet gas because of its stinging sensation upon skin contact. 
Phosgene oxime is a powerful irritant, and its use in warfare is most practical. 


Physical properties of phosgene oxime 


Phosgene oxime is a white crystalline compound, but it may be colored in variation due to impurities. It has a 
melting point of 40 Celsius, and a boiling point of 129 Celsius. The compound is fairly soluble in water, and most 
common organic solvents. Water solutions decompose phosgene oxime at an appreciable rate, and it should be 
stored dissolved in inert solvents in a refrigerator. Alkaline solutions increase the rates of decomposition. Phosgene 
oxime may begin to decompose at room temperature. 


Detection 


Phosgene oxime is so irritating its presence is clearly evident. Other then general contact with the agent, there is no 
direct methods of detection. 


Protection and decontamination 


Like most vesicants, ordinary protective clothing gives no protection to phosgene oxime. Phosgene oxime can be 
absorbed through most clothing where it then can act upon the skin. It is capable of penetrating some polymers, and 
rubbers, as well as wood. Special protective suits, as well as special gas masks are required to provide adequate 
protection. 

Phosgene oxime can be easily decontaminated with bleach, or caustic soda. The eyes can be decontaminated by 
treatment with excessive amounts of water, and saline solution. The skin can be decontaminated using bleach, 
alkali solutions, or the application of fuller’s earth absorbent. 


Mechanism of action 


In essence, the exact mechanisms of action upon the body are unknown. It is presumed that phosgene oxime reacts 
with the skin in a similar manner as stinging nettle or poison ivy, with irritation and pain being many times more 
severe. Tests have shown phosgene oxime reacts with proteins within the skin, and resulting irritation is the result 
of multiple reactions. In low concentrations, phosgene oxime stings the flesh like a bee sting, and in higher 
concentrations, it blisters the skin or causes welts. Phosgene oxime is very destructive to tissue because of its 
highly reactive chemical nature. Note: Very few compounds are as painful or irritating then phosgene oxime, and it 
is known as the most violent chemical warfare agent known. 


Physical effects 


The eyes are affected by phosgene oxime resulting in corneal lesions and blindness. Exposure through inhalation 
can lead to pulmonary oedema of the respiratory tract. The skin is affected instantaneously upon contact producing 
an intense pain that radiates from the point of exposure, and within minutes the exposed area turns white and is 
surrounded by a zone of erythema. The overall area of exposure resembles a wagon wheel in appearance. Within | 
hour, the area becomes swollen and 24 hours the lesion turns yellow and blisters develop. Several days later, the 
same area shows desquamation with necrosis of the skin, which is followed by a crust and a purulent discharge. 


Treatment 


The treatment of phosgene oxime burns is similar to fire burns, or wounds caused by mustards. Inhalation of the 
vapor should be treated by hospitalization so trained medical personnel can use appropriate action; as illnesses may 
very. Treatment of inhalation exposures is similar to the arsenicals in nature. Pulmonary oedema should be treated 
accordingly. Infections are less common for phosgene oxime exposure, but antibacterials may be administered just 
for precautions. Morphine can be administered for relief of pain, and ointments of calamine, aloe Vera, or phenol 
can be directly applied to skin lesions for treatment. 


1, Sulfur Mustard. Mustard gas. Kampfstoff. Yperite; 2,2’-Dichlorodiethyl sulfide; 
bis(beta-chloroethyl)sulfide 
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Molecular Formula: C,HgCloS Formula Weight: 159.07732 
Composition: C(30.20%) H(5.07%) Molar Refractivity: 38.27 + 0.3 cm? 
Cl(44.57%) S(20.16%) 
Molar Volume: 131.3 + 3.0 cm” Parachor: 318.8 + 4.0 cm* 
Index of Refraction: 1.494 + 0.02 Surface Tension: 34.7 + 3.0 dyne/em 
Density: 1.211 + 0.06 gic Polarizability: 15.17 + 0.5 10%cm> 
RDBE: 0 | Monoisotopic Mass: 157.972376 Da 
Nominal Mass: 158 Da Average Mass: 159.0773 Da 
M+: 157.971827 Da M-: 157.972924 Da 
(M+H]+: 158.979652 Da ([M+H]-: 158.980749 Da 
[M-H]+: 156.964002 Da [M-H]-: 156.965099 Da 
Smiles: CICCSCCCI InChl = 1 S/C4H8C12S/c5-1-3-7-4-2- 
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Mustard gas forms a colorless to yellowish to brown, oily liquid, which produces a colorless vapor. The vapor has a 
tendency to linger in low lining areas such as ditches, holes, trenches, and the like. The impure liquid has an odor of 
freshly cut mustards, hence the name. Pure mustard gas has a relatively mild sweet, agreeable odor, or no odor at 
all. Dangerous levels of mustard gas cannot be detected by the average soldier, even when the mustard gas is 
impure. It has a melting point of 14 Celsius, and a boiling point of 217 Celsius (begins to decompose from 150 to 
170 Celsius); it can be distilled at 98 Celsius under a vacuum of 10 millimeters of mercury. Mustard gas is 
insoluble in water, but soluble in most organic solvents, and in lipids. It is volatile with steam, and can be steam 
distilled under normal conditions. Mustard gas is a suspected carcinogen, but this is of no importance due to its 
vesicant properties. Mustard gas is easily decomposed by alkalies, or by bleaching powder, and bleaching power is 
the most effective material for its decomposition; ordinary bleach can be used as well. Because mustard gas has a 
high melting point, its use in cold climates has its disadvantages. Although, in dry cool climates, mustard gas can 
remain somewhat “dormant”, until the temperature rises, whereupon the crystals of mustard gas change to liquid. 
This effect can be used to contaminate areas with mustard gas for up to 3 months under affluent conditions. During 
wet and warm conditions, mustard gas has very poor persistence, and may only last for up to 7 days under normal 
conditions; although, reports have indicated that dangerous levels of mustard gas can remain in said environments 
for up to 30 days. Mustard gas can be mixed with HN1, HN2, or HN3 for use in military operations. It may also be 
thickened by admixture with oils. Mustard gas is capable of producing violent burns and blisters to any exposed 
skin upon contact. The actual onset of burns and blisters can be delayed by up to 36 hours. Exposed personnel will 
be unaware of skin contact with said agent until it’s to late. Blisters should be broken, and scrubbed immediately 
with bleaching powder, or bleach. All wounds should be treated immediately to prevent potential bacterial 
infections. Eye exposure to agent can lead to delayed illness including blindness. Mustard gas is less toxic, and less 
efficient then HN1, HN2, or HN3, and is no longer used by most modern militaries. Mustard gas can be 
disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. Mustard gas is a 
moderate delayed action casualty producing agent capable of causing casualties within 4 to 24 hours after 
exposure. The lethal dose for 50% of population in rats through inhalation is 1500 to 3000 milligrams per 
kilogram. The lethal dose through inhalation by the average man may be as little as 1200 milligrams, but 
may be as high as 2 grams due to slow onset of symptoms. Mustard gas may cause severe illness if inhaled or 
ingested including violent coughing, chocking, stomach disorders, digestive disorders, bleeding, and severe 
discomfort. Mustard gas on the skin can go unnoticed until symptoms are observed (4 to 24 hours). Skin 
exposure to as little as 100 milligrams can produce blisters within 32 hours exposure. Eye exposure to as 
little 100 to 200 milligrams may cause severe eye damage resulting in potential blindness. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as blister agent): 8 
Persistence (open area): 8 | Storage stability: 9 
Persistence (enclosed area): 9 | Toxicity (as blister agent): 7 
TOTAL EFFECTIVENESS (as blister agent): 8.1 
OVERALL TOXICITY (as warfare agent): 3/2 
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sulfur mustard 
Assemble an apparatus with mechanical stirring means, and gas inlet tube, and then fill the reaction flask with 200 
milliliters of methylene chloride, 5 grams of activated charcoal, and then followed by 72 grams of sulfur 
dichloride. Thereafter, bring the mixture to a reflux at about 60 Celsius, and when the temperature reaches 60 
Celsius, begin rapidly bubbling a total of 50 grams of ethylene gas into the reaction mixture while stirring the 
reaction mixture, and maintaining its temperature at 60 Celsius. The ethylene gas addition should take no more then 
3 hours. After the addition, continue to reflux the reaction mixture at 60 Celsius while vigorously stirring for an 
additional 30 minutes. After 30 minutes, remove the heat source and allow the reaction mixture to cool to room 
temperature. Thereafter, filter-the reaction mixture to remove any insoluble materials, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 
under vacuum. When all the methylene chloride has been removed, remove the remaining residue, and then place it 
into a clean vacuum distillation apparatus, and fractionally distil the mustard gas at 98 Celsius under a vacuum of 
10 millimeters of mercury to obtain a refined mustard gas product of purity from 85% to 98%. Further purification 
is technically not needed for use in military operations, but can be achieved through a second vacuum distillation. 


PREPARATION II: 
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Into a suitable flask, place 250 milliliters of methylene chloride, followed by 45 grams of powdered sulfur. 
Thereafter, rapidly bubble 50 grams of dry chlorine gas into the methylene chloride/sulfur mixture while stirring 
the methylene chloride/sulfur mixture, and maintaining its temperature at room temperature. The addition of the 
chlorine should not take longer then 6 hours. After the addition of the chlorine, reflux the reaction mixture at 60 
Celsius for 30 minutes. Thereafter, quickly allow the reaction mixture to cool to room temperature, and then 
quickly add in 5 grams of charcoal. Then bring the reaction mixture back to reflux at 60 Celsius. Thereafter, 
rapidly bubble 49 grams of dry ethylene gas into the reaction mixture while rapidly stirring the reaction mixture 
and maintaining its temperature at 60 Celsius. The addition of the ethylene gas should take no longer then 3 hours. 
After the addition of the ethylene gas, continue to reflux the reaction mixture at 60 Celsius for 30 minutes. 
Thereafter, remove the heat source, and allow the reaction mixture to cool to room temperature. Then filter the 
reaction mixture to remove any insoluble materials using suction filtration, and then place the filtered reaction 
mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride under 
vacuum. When all the methylene chloride has been removed, remove the remaining residue, and place into clean 


vacuum distillation apparatus, and fractionally distill the mustard gas at 98 Celsius under a vacuum of 10 
millimeters of mercury to obtain a refined mustard gas product of 85 to 98% purity. Further purification is 
technically not needed for use in military operations, but can be achieved through a second vacuum distillation. 
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1-chloro-2-[(2-chloroethyl)sulfanylJethane 


Into a suitable reaction flask, add 89 grams of sodium sulfide nonahydrate, and then add 100 milliliters of water. 
Then stir the mixture to dissolve all solids. Then prepare a second solution by adding and dissolving 60 grams of 
ethylene chlorohydrin into 60 milliliters of water. Then place this ethylene chlorohydrin solution into an addition 
funnel, and attach this addition funnel to the reaction flask containing the sodium sulfide. Thereafter, add drop 

wise, the ethylene chlorohydrin solution to the sodium sulfide solution while vigorously stirring the sodium sulfide 
solution, and maintaining its temperature at room temperature. Note: a cold-water bath may or may not be needed 

to keep the sodium sulfide solution properly cooled. After the addition of the ethylene chlorohydrin solution, heat 
and reflux the reaction mixture for 1 hour at 50 to 60 Celsius with vigorous stirring. After heating for 1 hour, 
remove the heat source, and allow the reaction mixture to cool to room temperature. Then filter the reaction 

mixture using suction filtration to remove any solid impurities, and then place the filtered reaction mixture back 

into the reaction flask, and place it into a cold-water bath. Then replace the addition funnel used for the ethylene 
chlorohydrin addition with a clean addition funnel. Then place 75 grams of a cone. hydrochloric acid solution 
into this addition funnel. Then gradually add the hydrochloric acid solution over a period sufficient to keep the 
reaction mixture below 30 Celsius. After the addition, heat the mixture to 50 to 60 Celsius for 1 hour with vigorous 
stirring. Then allow the reaction mixture to cool to room temperature, and then remove the lower mustard gas layer 
using a separatory funnel, or by decantation. Thereafter, quickly filter the mustard gas layer, and then place it into a 
vacuum distillation apparatus, and fractionally distill the mustard gas at 98 Celsius, and under a vacuum of 10 
millimeters of mercury to obtain a refined mustard gas product of 90 to 98% purity. Further purification is 
technically not needed for use in military operations, but can be achieved through a second vacuum distillation. 


2. 2,2’-Dichlorodipropryl sulfide; bis(beta-chloropropry])sulfide 
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Molecular Formula: CsHi2ChS Formula Weight: 187.13048 
Composition: C(38.51%) H(6.46%) | Molar Refractivity: 47.54 + 0.3 cm 
Cl(37.89%) SU7.14%) 
Molar Volume: 164.3 + 3.0 cm* Parachor: 398.4 + 4.0 cm” | 
Index of Refraction: 1.490 + 0.02 Surface Tension: 34.5 + 3.0 dyne/em 
Density: 1.138 + 0.06 g/cm’ Polarizability: 18.84 + 0.5 10cm? 
RDBE: 0 Monoisotopic Mass: 186.003676 Da 
Nominal Mass: 186 Da Average Mass: 187.1305 Da 
M+: 186.003127 Da M-: 186.004224 Da 
[M+H]+: 187.010952 Da [M+H]-: 187.012049 Da 
[M-H]+: 184.995302 Da [M-H]-: 184.996399 Da 
Smiles: CICCCSCCCCI InChI = 1S/C6H12C12S/c7-3-1-5-9- 
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This compound has similar properties as the original mustard gas. It is a colorless to brownish solid, or colorless to 
brownish semi viscous liquid. In most cases, the pure compound is a solid with a melting point ranging from 20 to 
40 Celsius. The impure compound is most likely a semi liquid, viscous oil. The odor would be anywhere from a 
faint spicy odor, to a weak or mild, pleasant odor. The compound is slightly less stable then mustard gas, and its 
environmental persistence would not be much greater. It could be disseminated using aerosols, explosives 
munitions, atomizers or humidifiers, or foggers; as well, it could be used in combination with mustard gas, or 
admixed with HN1, HN2, or HN3 for use in military operations with satisfactory results. The straight compound 
could be used to contaminate areas for up to 2 weeks, depending on environmental conditions. As with mustard 

gas, it would show little effect in cold and wet climates, but in warm and dry climates, it would have excellent 
results. The agent would linger for longer periods of time in low lying areas such as bunkers, tunnels, holes, and 
ditches then the original mustard would. As with original mustard, it would be easily decontaminated with 
bleaching powder, or with ordinary liquid bleach. Large areas contaminated with this agent would be difficult to 
decontaminate, and hence, it could be used as a “road block”, or other form of “deterrent” to halt enemy 
advancements. The agent would have a slight longer delay action then original mustard, and would show signs of 

its presence 6 to 36 hours after exposure to such agent. Areas of skin that are contained will develop blisters and 
burns similar in nature as original mustard. Exposure of the agent to the eyes, nose, and throat, would most likely 
produce delayed effects as well. Inhalation or ingestion of the agent may lead to series coughing, chocking, lung 
distress, bleeding, and other severe illnesses within 36 hours of exposure. Inhalation of agent may go un-noticed for 
up to 32 hours, where after serious lung illness would begin, leading to fluid buildup in the lungs, violent coughing, 
and potential bleeding. As with original mustard gas, the liquid within the blisters would be poisonous as well, and 
all blisters should be decontaminated immediately to prevent the potential formation of bacterial infections after 
onset. Lethal dose for 50% of population in mice (inhalation): 1300 to 3500 milligrams per kilogram of body 
weight. The lethal dose through inhalation in the average man may be as high as 2 grams due to slow rates of 
onset. Mustard gas II is a mild, delayed action casualty-producing agent capable of producing casualties 
with 36 hours of exposure. Skin exposure to as little as 100 milligrams can produce blisters within 32 hours 
of exposure. Eye exposure to as little 100 to 200 milligrams may cause severe eye damage resulting in 
potential blindness. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 7 Field Stability: 9 
Persistence (open area): 9 Storage stability: 9 
Persistence (enclosed area): 10 Toxicity (as blister agent): 7 


TOTAL EFFECTIVENESS (as blister agent): 8.5 
OVERALL TOXICITY (as warfare agent): 32 
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2,2’-Dichlorodipropryl sulfide 


Into a suitable reaction flask, add 97 grams of sodium sulfide nonahydrate, and then add 120 milliliters of water. 
Then stir the mixture to dissolve all solids. Then prepare a second solution by adding and dissolving 77 grams of 
propylene chlorohydrin into 80 milliliters of water. Then place this propylene chlorohydrin solution into an 
addition funnel, and attach this addition funnel to the reaction flask containing the sodium sulfide. Thereafter, add 
drop wise, the propylene chlorohydrin solution to the sodium sulfide solution while vigorously stirring the sodium 
sulfide solution, and maintaining its temperature at room temperature. Note: a cold-water bath may or may not be 
needed to keep the sodium sulfide solution properly cooled. After the addition of the propylene chlorohydrin 
solution, heat the reaction mixture for | hour at 60 to 70 Celsius with vigorous stirring. After heating for | hour, 
remove the heat source, and then filter the reaction mixture hot using suction filtration (to remove any solid 
impurities). Then allow the filtered reaction mixture to cool to room temperature, and then place the filtered 
reaction mixture back into the reaction flask, and place it into a cold-water bath. Then replace the addition funnel 
used for the propylene chlorohydrin addition with a clean addition funnel. Then place 82 grams of a cone. 
hydrochloric acid solution into this addition funnel. Then gradually add the hydrochloric acid solution over a 
period sufficient to keep the reaction mixture below 30 Celsius. After the addition, heat the reaction mixture to 60 
to 70 Celsius for | hour with vigorous stirring. Then allow the reaction mixture to cool to room temperature, and 
then place the reaction mixture into an ice bath, and chill to 5 Celsius. Thereafter, filter-off the crystalline mustard 
gas, and then vacuum dry or air-dry the solid. Note: in some cases the mustard gas may be a viscous liquid. If this 
is the case, use a separatory funnel to remove the mustard gas layer; the mustard gas will be the bottom layer. 
Thereafter, if the mustard gas was removed as a viscous liquid, quickly filter the mustard gas layer. Thereafter, 
place the mustard gas, either crystalline or liquid, into a vacuum distillation apparatus, and fractionally distill the 
mustard gas II under high vacuum, and under a temperature of 150 Celsius to obtain a refined mustard gas product 
of 90 to 98% purity. 


3. Methyldichloroarsine 


cl 
As 
Ho ei 
Molecular Formula: CH3AsCl, Formula Weight: 160.86212 
Composition: C(7.47%) H(1.88%) RDBE: 0 
As(46.58%) Cl(44.08%) 
Monovisotopic Mass: 159.882777 Da Nominal Mass: 160 Da 
Average Mass: 160.8621 Da M+: 159.882229 Da 
M-: 159.883326 Da [M+H]+: 160.890054 Da 
[M+H]-: 160.891151 Da [M-H]+: 158.874404 Da 
[M-H]-: 158.875501 Da Smiles: C[As](CDCl 
InChl = 1S/CH3AsCI2/c1-2(3)4/h1 H3 
Methyldichloroarsine forms a colorless, odorless liquid. It has a melting point of —55 Celsius, and a boiling point of 


133 Celsius. It begins to decompose around 130 Celsius, but can be easily distilled below 100 Celsius under 
vacuum. Methyldichloroarsine is very similar to ethyldichloroarsine, and it can be admixed with 
ethyldichloroarsine for use in military operations where irritating and biting effects are desired. As with 
ethyldichloroarsine, it produces almost immediate irritation upon skin contact and inhalation. Its persistence in the 
environment may only be up to 3 days under normal conditions, but reports have stated its persistence to be up to 
12 days under normal environmental conditions (warm and dry environments). Skin exposure to liquid or vapor 
may develop blisters within 32 hours of exposure, but blister formation is rare due its immediate irritation upon 
skin contact (easily alerts exposed personnel to its presence). Note: Methyldichloroarsine is capable of penetrating 
rubber, rendering some gas masks ineffective. It can be disseminated through aerosols, explosives munitions, 
atomizers or humidifiers, or foggers. Methyldichloroarsine is a moderate fast acting blister agent capable of 
producing casualties within minutes of dissemination. Blister formation is delayed by up to 32 hours. The 
lethal dose in the average man through inhalation may be as high 1000 to 4000 milligrams. As little as 50 
milligrams on the skin may produce irritation. Inhalation of the agent may cause lung illnesses, and 
systematic poisoning. Skin absorption of as little as 500 micromilliliters may lead to bodily organ damage 
and systematic poisoning. Methyldichloroarsine is easily decontaminated with bleaching powder or bleach. 


OVERALL RATING (scale from 1 to 10) | 


Effectiveness (as blister agent): 6 | Field Stability: 7 
Persistence (open area): 7 | Storage stability: 8 
Persistence (enclosed area): 8 | Toxicity (as blister agent): 642 


TOTAL EFFECTIVENESS (as blister agent): 7 
OVERALL TOXICITY (as warfare agent): 312 
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Into a suitable flask, place 200 milliliters of anhydrous tetrahydrofuran, and then add 37 grams of methyl 
chloride, Note: you can either bubble the methyl chloride gas into the tetrahydrofuran, or add in 37 grams of 
liquid methyl chloride. Thereafter, slowly add 17.8 grams of magnesium turnings to the tetrahydrofuran/methyl 
chloride mixture while stirring the tetrahydrofuran/methyl chloride mixture and maintaining its temperature below 
60 Celsius. Note: During the magnesium addition, the temperature will rise to about 60 Celsius. Don’t let the 
temperature rise above 60 Celsius. After the addition of the magnesium. briefly stir the reaction mixture for about 5 
minutes, and then place the reaction mixture into an ice bath and chill to 0 Celsius. Immediately when the 
temperature of the reaction mixture reaches 0) Celsius, carefully add drop wise, a solution prepared by adding 132 
grams of arsenic trichloride into 500 milliliters of hexane. During the arsenic trichloride/hexanes addition, 
vigorously stir the reaction mixture while keeping its temperature at 0 Celsius at all times. After the addition of the 
arsenic trichloride/hexanes mixture, vigorously stir the reaction mixture at 0 Celsius for 2 hours. After 2 hours, 
carefully add in 100 milliliters of cold water (to dissolve the magnesium chloride), and then briefly stir the 
reaction mixture for about 10 minutes. Immediately thereafter, place the entire mixture into a separatory funnel, and 
remove the lower organic layer. Then quickly suction filter this lower organic layer to remove any insoluble 
impurities, and then place this organic layer into a rotary evaporator, or vacuum distillation apparatus, and remove 
the hexanes and any tetrahydrofuran solvent under vacuum. When the solvents have been removed, place the 
remaining liquid into a clean vacuum distillation apparatus, and fractionally distill the methyldichloroarsine under 
vacuum and under a temperature of 100 Celsius to obtain a purified methyldichloroarsine product. Note: 
Dimethyldichloroarsine and trimethylarsine will be obtained in small quantities as by-products. 


4, Ethyldichloroarsine 
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Molecular Formula: C)HsAsCl 
Composition: C(13.74%) H(2.88%) 
As(42.84%) Cl(40.54%) 
Monoisotopic Mass: 173.898428 Da 


Formula Weight: 174.8887 
RDBE: 0 


Nominal Mass: 174 Da 


Average Mass: 174.8887 Da 


M+: 173.897879 Da 


M-: 173.898976 Da 


[M+H]+: 174.905704 Da 


[M+H]-: 174.906801 Da 


[M-H]+: 172.890054 Da 


[M-H]-: 172.891151 Da 


Smiles: CC|As](C)C1 


InChI = 1S/C2HSAsCl2/c1-2- 
3(4)5/h2 H2,1H3 


Ethyldichloroarsine is similar to methyldichloroarsine and lewisite. It’s a highly irritating colorless to dark brown 
liquid with a boiling point of 156 Celsius (with decomposition starting at said temperature). It can easily be distilled 
at 83 Celsius under a vacuum of 75 millimeters of mercury, where it distills over as a water-white liquid. It has a 
rather fruity yet biting and penetrating odor. Pure ethyldichloroarsine may have a slight odor of 
apples/bananas/pears, but the military grade ethyldichloroarsine has a rather irritating and penetrating odor. The 
melting point of ethyldichloroarsine is —-65 Celsius, making it well suitable for use in cold weather climates. 
Ethyldichloroarsine can be used as a military war gas due to its highly irritating nature. Like lewisite, it is capable 
of forming blisters on the skin within 32 hours of exposure. Inhalation of the vapor produces severe irritation of the 
nose, and throat leading to severe coughing, and lung distress. Inhalation of the vapor may cause death. 
Ethyldichloroarsine produces immediate pain upon inhalation, and hence, gives rise to its presence. In some cases, 
its presence may not be easily detected by mere inhalation along. The liquid on the skin produces immediate 
irritation, but blister formation is delayed by up to 32 hours. Due to immediate irritation upon contact, blisters can 
be easily avoided due to immediate decontamination. Ethyldichloroarsine can be used in military operations where 
it is desired to incapacitate personnel. It is seldom fetal, and only exposed personnel to the agent in closed 
environments without proper protection are likely to be killed. Ethyldichloroarsine is readily volatile, and it yields a 
colorless vapor upon volatization. The agent will linger in low lining areas during the nighttime, and will volatize 
into a vapor, which lingers in higher lining areas during the day. The persistence of ethyldichloroarsine may be up 
to 7 days under warm and dry conditions. Note: Ethyldichloroarsine is capable of penetrating rubber, rendering 
some gas masks ineffective. It can be disseminated through aerosols, explosives munitions, atomizers or 
humidifiers, or foggers. ED is a moderately fast acting blister agent capable of producing casualties within 
minutes of exposure. The agent produces immediate irritation when inhaled, ingested, or upon skin contact 
or eye contact. Blisters will form within 32 hours of skin exposure. Inhalation and skin absorption can lead 
to systematic poisoning within 4 hours of exposure. Exposure of the vapor to the eyes causes immediate 
irritation and pain. Over exposure of the vapor to the eyes can lead to blindness. Chronic exposure to low 
concentrations can lead to lung illnesses, and damage to bodily organs. Lethal dose through inhalation in 
the average man ranges from 900 to 4000 milligrams. Concentration of vapor or liquid as low as 5 
milligrams may cause irritation upon eye exposure, and 50 milligrams upon the skin may cause skin 
irritation. As little as 500 micromilliliters may suffice to produce blisters within 32 hours of exposure. 
Ethyldichloroarsine is readily decontaminated with bleaching powder or bleach. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 8 Field Stability: 8 
Persistence (open area): 7 Storage stability: 8 
Persistence (enclosed area): 8 | Toxicity (as blister agent): 7 


TOTAL EFFECTIVENESS (as blister agent): 7.6 
OVERALL TOXICITY (as warfare agent): 31 
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Into a suitable flask equipped with an electric stirrer, reflux condenser, and gas inlet tube, place 136.5 grams of 
arsenic trichloride. Thereafter, begin a nitrogen purge to sweep the air out of the apparatus, and continue the 
nitrogen purge for about 4 minutes to flush all the air out of the apparatus. Then remove the nitrogen purge and the 
gas inlet tube, and replace with an addition funnel. Then place the reaction flask into an oil bath, and heat to 100 
Celsius. When the temperature of the arsenic trichloride reaches 100 Celsius, place 81 grams of tetraethyl lead 
into the addition funnel, and then add a few milliliters of this tetraethyl lead to the arsenic trichloride. During the 
addition, rapidly stir the arsenic trichloride. Shortly after the addition of the few milliliters of tetraethyl lead, a 
white cloudy appearance will form in the arsenic trichloride. After the addition, wait a few minutes, and then 
gradually add the rest of the tetraethyl lead over a period of time as to maintain the reaction mixtures temperature at 
100 Celsius (do not exceed 100 Celsius). During the addition, rapidly stir the arsenic trichloride. After the addition 
of the tetraethyl lead, continue to heat the reaction mixture at 100 Celsius for 1 hour with rapid stirring. Afterwards, 
remove the heat source, and then allow the reaction mixture to cool to room temperature. Thereafter, replace the 
reflux condenser with a regular condenser (with receiver flask), and then vacuum distill the reaction mixture at 75 
millimeters of mercury to obtain a water white ethyldichloroarsine product with a purity of 95%. Note: use the oil 
bath as the heat source, and heat the oil to about 120 Celsius for the distillation process. After the distillation 
(which might take up to S hours or more), the ethyldichloroarsine will be obtained as a water white liquid with a 
purity of about 95%. If desired, place this water white ethyldichloroarsine into a fractional distillation apparatus, 
and fractionally distill at 83 Celsius and under a vacuum of 75 millimeters of mercury to obtain a purified 
ethyldichloroarsine product of about 98% purity. Note: The 95% pure ethyldichloroarsine need not be purified for 
use in chemical warfare operations. 
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Into a suitable flask, place 200 milliliters of anhydrous tetrahydrofuran, and then add 41 grams of ethyl 
chloride. Note: you can either bubble the ethyl chloride gas into the tetrahydrofuran, or add in 41 grams of liquid 
ethyl chloride. Thereafter, slowly add 15.4 grams of magnesium turnings to the tetrahydrofuran/ethyl chloride 
mixture while stirring the tetrahydrofuran/ethyl chloride mixture and maintaining its temperature below 60 Celsius. 
Note: During the magnesium addition, the temperature will rise to about 60 Celsius. Don’t let the temperature rise 
above 60 Celsius. After the addition of the magnesium, briefly stir the reaction mixture for about 5 minutes, and 
then place the reaction mixture into an ice bath and chill to 0 Celsius. Immediately when the temperature of the 
reaction mixture reaches () Celsius, carefully add drop wise, a solution prepared by adding 114 grams of arsenic 
trichloride into 500 milliliters of hexane. During the arsenic trichloride/hexanes addition, vigorously stir the 
reaction mixture while keeping its temperature at 0 Celsius at all times. After the addition of the arsenic 
trichloride/hexanes mixture, vigorously stir the reaction mixture at 0 Celsius for 2 hours. After 2 hours, carefully 
add in 100 milliliters of cold water (to dissolve the magnesium chloride), and then briefly stir the reaction mixture 
for about 10 minutes. Immediately thereafter, place the entire mixture into a separatory funnel, and remove the 
lower organic layer. Then quickly filter this lower organic layer to remove any insoluble impurities, and then place 
this organic layer into a rotary evaporator, or vacuum distillation apparatus, and remove the tetrahydrofuran and 
hexanes solvents under vacuum. When both solvents have been removed, place the remaining liquid into a clean 
vacuum distillation apparatus, and fractionally distill the ethyldichloroarsine at 83 Celsius and under a vacuum of 
75 millimeters of mercury to obtain a purified ethyldichloroarsine product of about 98% purity. Note: 
Diethyldichloroarsine and triethylarsine will be obtained in small quantities as by-products. 


5. Lewisite. 2-Chlorovinyldichloroarsine. (2-Chloroethenyl)arsenous dichloride; 
Chlorovinylarsine dichloride 
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Molecular Formula: C2H2AsCly 
Composition: C(11.59%) H(0.97%) 
As(36.14%) Cl(5 1.30%) 
Monoisotopic Mass: 205.843805 Da 


Formula Weight: 207.31788 
RDBE: 1 


Nominal Mass: 206 Da 


Average Mass: 207.3179 Da 


M+: 205.843257 Da 


M-: 205.844354 Da 


[M+H]+: 206.851082 Da 


[M+H]-: 206.852179 Da 


[M-H]+: 204.835432 Da 


[M-H]-: 204.836529 Da 


Smiles: CI[As](C)/C=C/C1 


InChI = 1S/C2H2AsCI13/c4-2-1- 
3(5)6/h1-2H/b2-1+ 


Lewisite is a potent arsenical vesicant. Lewisite forms a colorless to dark brownish to blackish or amber colored 
liquid, Military grade lewisite will most likely be a dark colored liquid. Lewisite gives off a colorless vapor, with a 
slight odor of germaniums. Lewisite has a melting point of 0 Celsius, and a boiling point of 190 Celsius (with 
decomposition). It can be easily distilled at 77 Celsius, and under a vacuum of 12 millimeters of mercury. It tends 

to solidify at -13 Celsius. Lewisite is soluble in most common organic solvents, but it is insoluble in water, and 
dilute mineral acids. It can be easily decontaminated by bleaching powder, or ordinary bleach, and it is also 
destroyed by alkalis such as sodium hydroxide solutions. Lewisite can persist in the environment for up to | month 
under warm and dry conditions, but its persistence in warm and moist conditions may only be up to 7 days. Reports 
have shown that lewisite may persist for longer periods of time. Most modern militaries don’t regard lewisite as a 
potential threat in chemical warfare, but nevertheless, the power and violence of lewisite should not be under 
estimated nor brushed aside. It is potent blister agent, but along with its vesicant properties, it shows significant 
respiratory and systematic poisoning effects. Small amounts of vapor in the eyes can render blindness to any 
exposed personnel, Small concentrations of vapor or liquid inhaled or ingested can lead to respiratory distress, 
coughing, chocking, bleeding, or cardiac arrest. Ingestion can lead to violent gastrointestinal disorders. The primary 
use of lewisite is to injure personnel, rather then kill them. The major uses of lewisite in warfare are to blind enemy 
troops, and also to incapacitate them via its vesicant properties, and respiratory effects. Lewisite is an effective war 
gas, and it can be used in all sorts of military operations. It tends to linger in low lining areas during nighttime, and 
its vapor may rise to higher lining areas during the day. Holes, ditches, trenches, and bunkers contaminated with 
lewisite can help disseminate the agent to areas above ground, as its vapor volatizes with changing weather 
conditions. In cold conditions, such as nighttime, the agent will linger in low lining areas, but after sun rise, the 
agent shows appreciable volatility leading to vapor rising to above ground areas; upon night fall, the agent will 

once again linger in the low lining areas. Lewisite can be mixed with nerve agents, or with the nitrogen mustards 

for increased effect. Note: Lewisite is capable of penetrating rubber, rendering some gas masks ineffective. It can 

be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. Lewisite is a potent 
and fast acting blister agent capable of causing irritation and itching within minutes of skin exposure. Skin 
exposure to mild concentrations of vapor or liquid will cause sunburn like effects, with pain subsiding after 
48 hours. Skin exposure to larger concentrations of vapor or liquid leads to immediate stinging and pain, 
with blisters developing within 30 to 80 minutes. As little as 500 micromilliliters of agent on the skin can lead 
to blisters, or severe skin irritation. The liquid inside the blisters is non-toxic. Skin absorption of as little as 2 
milliliters can lead to internal organ damage, and systematic poisoning leading to death. Eye exposure to 
liquid or vapor causes blindness, and eye exposure to as little as 1000 to 5500 micrograms is sufficient to 
cause blindness in 50% of cases. Concentrations of 10 to 15 milligrams will cause blindness to any exposed 
personnel. The lethal dose through inhalation in the average man is 35 to 40 milligrams per kilogram of 
body weight (a total of 2 milliliters or 3.2 grams). 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 8 Field Stability: 9 
Persistence (open area): 9 Storage stability: 8 
Persistence (enclosed area): 9 Toxicity (as blister agent): 8 


TOTAL EFFECTIVENESS (as blister agent): 8.5 
OVERALL TOXICITY (as warfare agent): 334 
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Into a suitable flask, place 34 grams of arsenic trichloride, followed by 30 grams of anhydrous aluminum 
chloride. Thereafter, place the flask into a dry ice acetone bath, and chill to -30 Celsius. Thereafter, bubble into the 
mixture, 5 grams of acetylene gas over a period of 60 minutes while carefully controlling the reaction mixtures 
temperature. Note: The temperature must be strictly controlled to avoid possible explosions, and formation of 
undesired side products. During the addition of the acetylene gas, vigorously stir the reaction mixture. After the 
addition of the acetylene gas, vigorously stir the reaction at —30 Celsius for 1 hour. Thereafter, remove the dry 
ice/acetone bath, and then allow the reaction mixture to warm to room temperature. Then quickly filter the reaction 
mixture to remove any insoluble impurities, and then place the reaction mixture into the vacuum distillation 
apparatus as illustrated below, and then fractionally distill the mixture at 77 Celsius under a vacuum of 12 
millimeters of mercury. Note: dichlorovinylchloroarsine (secondary lewisite), and trichlorovinylarsine (tertiary 
lewisite) will be obtained as by-products. These by-products can be used as warfare agents as well. Note: Instead of 
fractionally distilling the reaction mixture, the filtered reaction mixture can be used directly in chemical warfare 
operations. 
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Into a suitable flask, place 34 grams of arsenic trichloride, followed by an acid solution made by adding and 
dissolving 32 grams of mercuric chloride, and 50 milliliters of cold water into 50 milliliters of conc. 
hydrochloric acid. Note: If the mercuric chloride fails to dissolve, add additional conc. hydrochloric acid until 
the mercuric chloride dissolves. Thereafter, gently heat the mixture to 50 Celsius (using a reflux apparatus) with 
vigorous stirring. When the temperature of the mixture reaches 50 Celsius, rapidly add 5 grams of acetylene gas 
over a period of about 15 to 30 minutes while vigorously stirring the reaction mixture, and keeping its temperature 
around 50 Celsius (under reflux conditions). After the addition of the acetylene gas, continue to heat the reaction 
mixture at 50 Celsius with vigorous stirring for 30 minutes. Thereafter, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then remove the lower lewisite layer using a separatory funnel, or by 
decantation, and then quickly filter the lewisite layer to remove any insoluble impurities. Then place the filtered 
lewisite layer into a vacuum distillation apparatus, and then fractionally distill the mixture at 77 Celsius under a 
vacuum of 12 millimeters of mercury. Note: dichlorovinylchloroarsine (secondary lewisite), and 
trichlorovinylarsine (tertiary lewisite) will be obtained as by-products. These by-products can be used as warfare 
agents as well. Note: Instead of fractionally distilling the reaction mixture, the filtered reaction mixture can be used 
directly in chemical warfare operations. 


6. Phenyldichloroarsine 
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Molecular Formula: C,HsAsCh Formula Weight: 222.9315 
Composition: C(32.33%) H(2.26%) RDBE: 4 
As(33.61%) C131.81%) 
Monoisotopic Mass: 221.898428 Da Nominal Mass: 222 Da 
Average Mass: 222.9315 Da M+: 221.897879 Da 
M-: 221.898976 Da [M+H]+: 222.905704 Da 
[M+H]-: 222.906801 Da [M-H]+: 220.890054 Da 
[M-H]-: 220.891151 Da Smiles: Cl[As](Cl)clececc1 
InChI = 1S/C6HSAsCI2/c8-7(9)6-4-2- 
1-3-5-6/h1-5H 


Phenyldichloroarsine forms a colorless liquid, which may be slightly colored brown if impure. The impure 
compound may also have a tar like appearance to it. The pure liquid (military grade) is a colorless odorless oily 
liquid. The liquid has a melting point of —20 Celsius, making it well suitable for cold weather climates. It has a 
boiling point of 252 Celsius (the impure liquid may begin to decompose when heated to 180 Celsius. 
Phenyldichloroarsine should never be distilled at its boiling point, and it should be distilled under high vacuum and 
under a temperature of 150 Celsius. The pure liquid can be heated to its boiling point without any decomposition 
resulting. Phenyldichloroarsine is a powerful vomiting agent capable of also forming blisters. Its blister power is 
similar to lewisite and ethyldichloroarsine, but with less severity. When as little as 5 to 50 milligrams is inhaled, it 
produces severe nausea and vomiting resulting in acute incapacitation (higher concentrations may be needed in 
order to produce vomiting effects). Skin exposure to the agent can produce irritation, with delayed blister formation 
up to 32 hours. Due to its nauseating effect upon inhalation, the agent is easily detected in field concentrations. 
Blister formation is rare due its ease of recognition in the field, and fast rate of decontamination. Skin toxicity of 
this agent is less severe then other blisters agents. Blister formation is accelerated by larger doses; skin contact to 
500 to 1500 milligrams may lead to blisters within 4 to 8 hours. Skin contact is seldom fatal. Inhalation, ingestion, 
or skin absorption can lead to systematic poisoning resulting within 12 to 32 hours after exposure. 
Phenyldichloroarsine immediately attacks the eyes, producing sever irritation, and delayed poisoning effects 
resulting in potential blindness; although, rather high doses are needed to produce blindness. Phenyldichloroarsine 
can be used as an effective vomiting agent, as well as blister agent. The agent is best used in closed environments 
from where it may be disseminated by tactical weapons such as grenades, or booby trap bombs. Note: Some 
security systems for banks, and high security facilities use phenyldichloroarsine grenades, which releases the said 
agent upon security breeches, The persistence of phenyldichloroarsine may be from 48 hours to 7 days under 
normal environmental conditions. It is easily decomposed by bleach. Note: Phenyldichloroarsine is capable of 
penetrating rubber, rendering some gas masks ineffective. It can be disseminated with aerosols, explosives 
munitions, atomizers or humidifiers, or foggers. Phenyldichloroarsine is a moderate fast acting blister agent 
capable of causing casualties within minutes of dissemination. Although its vesicant properties are rather 
mild, and delayed, it may be used to incapacitate personnel in field operations. The lethal dose through 
inhalation in the average man ranges from 900 to 2700 milligrams per person. As little as 5 to 15 milligrams 
through inhalation may produce nausea and/or yomiting. Skin exposure to as little as 1 milliliter may 
produce blisters within 4 to 32 hours of exposure. The agent causes almost immediate irritation upon skin 
contact, but less irritation then that of ethyldichloroarsine or lewisite. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 6 Field Stability: 8 
Persistence (open area): 7 Storage stability: 9 


Persistence (enclosed area): 8 Toxicity (as blister agent): 6 
TOTAL EFFECTIVENESS (as blister agent): 7.3 
OVERALL TOXICITY (as warfare agent): 3 
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Into a suitable flask equipped with mechanical stirrer, thermometer, and addition funnel, place 27 grams of 
benzene followed by 5 grams of anhydrous aluminum chloride, Then place the flask containing the benzene into 
a salt/ice bath and chill to -10 Celsius. Then place 62 grams of anhydrous arsenic trichloride into the addition 
funnel. Thereafter, slowly add drop wise, the arsenic trichloride to the benzene mixture over a period of several 
hours while keeping the temperature of the reaction mixture below 0 Celsius. Note: During the addition, heat will 
be evolved. During the addition of the arsenic trichloride, vigorously stir the reaction mixture. After the addition of 
the arsenic trichloride, vigorously stir the reaction mixture for 1 hour at a temperature below 0 Celsius, and then 
remove the salt ice bath. Thereafter, before the reaction mixture warms to room temperature, quickly wash the 
reaction mixture with 50 milliliters of pre chilled ice-cold water, and stir the mixture for several minutes. 
Afterwards, place the entire mixture into a separatory funnel, and remove the lower phenyldichloroarsine layer, and 
then filter this lower layer to remove any insoluble impurities. Then place the filtered reaction mixture into a 
vacuum distillation apparatus and fractionally distil under high vacuum and under a temperature of 150 Celsius to 
obtain phenyldichloroarsine. Note: a small amount of diphenylchloroarsine may be obtained as well. 


7, AS-20. Distilled Arsine mixture. Phenyldichloroarsine/Diphenylchloroarsine 
mixture 


cl Cl 
o 
As ; 
: AS : 
* 
phenyldichloroarsine diphenylchloroarsine 


Bh 


AS-20 is a colorless liquid composed of phenyldichloroarsine, and diphenylchloroarsine. The liquid has a strong, 
characteristic biting odor. The vapor may go unnoticed even in high concentrations. The liquid is very stable, and 
it’s only very slightly volatile under normal conditions. AS-20 can persist in the environment for up to several 
weeks during cool and dry conditions. Warm and moist conditions may give rise to slow hydrolysis of the liquid, 
but its rate of hydrolysis is rather slow. Reports have demonstrated that AS-20 may persist in the environment for 
up to 1 month. Areas contaminated with As-20 can cause casualties to any exposed personnel. As with other blister 
agents, AS-20 produces delayed effects, leading to serious blisters and tissue damage within 32 hours of skin 
contact. The effectiveness of AS-20 is less then HN1, HN2, or HN3, but nonetheless, it’s a potent vesicant capable 
of producing casualties. Along with its vesicant properties, it shows remarkable tendency towards producing 


irritation. Inhalation, skin contact, or eye contact of the vapor or liquid can lead to immediate pain and irritation; 
although, these effects may be delayed. AS-20 is also a highly effective blood agent, capable of producing death to 
those who inhale high concentrations of the vapor. Phenyldichloroarsine, and diphenylchloroarsine can both be 

used separately for military operations if desired. Both phenydichloroarsine and diphenylchloroarsine are effective 
blood agents, and vesicants. The persistence of both is increased when they are mixed, hence the formulation AS- 

20. AS-20 can be used in the same regards as the other blister agents. It should not be mixed with the sulfur 
mustards, or nitrogen mustards, as chemical reactions might take place. Areas contaminated with AS-20 can still 
render enough agent to produce casualties through skin absorption after 6 weeks. AS-20 can persist in enclosed 

areas such as bunkers, tunnels, and rooms for up to 2 months. AS-20 is capable of absorbing through certain types 

of rubber. Some military gas masks may not be totally effective at removing said agent. AS-20 is easily destroyed 

by bleach. It can be disseminated through aerosols, explosives munitions, atomizers or humidifiers, or foggers. AS- 
20 is a delayed action blister agent, but a moderately fast acting blood agent. Skin, and eye contact to the 
vapor or liquid can lead to immediate pain and irritation. Skin and eye exposure to as little as 10 milligrams 
can result in pain and irritation. Skin exposure to as little as 50 milligrams can lead to blisters if not 
immediately treated. The lethal dose through inhalation in the average man ranges from 200 to 600 
milligrams, but may be as high as 1200 milligrams. In a few rare cases, inhalation of 3000 to 4500 parts per 
million over a period of 30 minutes can result in death. Skin absorption of as little as 50 milligrams can lead 
to systematic poisoning. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as blister agent): 7 
Persistence (open area): 8 | Storage stability: 8 
Persistence (enclosed area): 9 | Toxicity (as blister agent): 82 
TOTAL EFFECTIVENESS (as blister agent): 8 
OVERALL TOXICITY (as warfare agent): 334 
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diphenylchloroarsine 


Into a suitable flask, place 100 grams of dry benzene, followed by 45 grams of arsenic trichloride. Into a 
separate clean flask (equipped with an addition funnel, electric stirrer, and gas inlet tube), add 100 grams of 
benzene, 50 grams of isopentane, and then 2.5 grams of anhydrous aluminum chloride. Thereafter, gently heat 
this benzene/isopentane/aluminum chloride mixture to 35 Celsius. When the temperature reaches 35 Celsius, place 
the benzene/arsenic trichloride mixture into the addition funnel, and then slowly add this benzene/arsenic 
trichloride mixture to the benzene/isopentane/aluminum chloride mixture over a period of about 60 minutes, while 
vigorously stirring the benzene/isopentane/aluminum chloride mixture, and maintaining its temperature at 35 
Celsius. Note: Start the nitrogen purge before adding the benzene/arsenic trichloride mixture; the nitrogen purge is 
to ensure an oxygen free atmosphere within the apparatus. After the addition of the benzene/arsenic trichloride 
mixture, continue to stir the reaction mixture at 35 Celsius for about 30 minutes. Thereafter, remove the heat source 
and allow the reaction mixture to cool to room temperature. Then place the entire reaction mixture into a separator 
funnel, and then collect the upper organic layer. Once the upper layer has been recovered, briefly wash it by adding 
50 milliliters of cold water, followed by 100 milliliters of a 5% baking soda solution, and then stir the mixture 
for several minutes, Then place the mixture into a separatory funnel, and recover the upper organic layer once 
again. Then dry this upper organic layer by adding 5 grams of anhydrous sodium sulfate, and then stir the 
mixture for several minutes. Then filter-off the sodium sulfate, and then place the filtered mixture into a vacuum 
distillation apparatus, and vacuum distill at 95 Celsius under a vacuum of 70 milliliters of mercury to obtain a 
fraction composed of phenyldichloroarsine. When no more phenyldichloroarsine is distilled over, raise the 
temperature to the remaining mixture to 175 Celsius, and vacuum distill at 25 millimeters of mercury to obtain the 
second fraction composed of diphenylchloroarsine. Note: These two fractions can then be combined to form the 
desired AS-20, or used separately. Note: For better effects in field operations, these two fractions should be 
combined. 


8. HN1. N-ethyl-2,2'-di(chloroethylamine; N,N-bis(2-chloroethylethanamine; 2,2’,- 
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Molecular Formula: C5H;3Cl2N 


Formula Weight: 170.08012 


Composition: C(42.37%) H(7.70%) 
Cl(41.69%) N(8.24%) 


Molar Refractivity: 43.26 + 0.3 cm? 


Molar Volume: 157.5 + 3.0 cm* 


Parachor: 373.4 + 4.0 cm 


Index of Refraction: 1.461 + 0.02 
Density: 1.079 + 0.06 g/em* 


Surface Tension: 31.5 + 3.0 dyne/em 
Polarizability: 17.15 + 0.5 10cm’ 


RDBE: 0 


Monoisotopic Mass: 169.042505 Da 


Nominal Mass: 169 Da 
M+: 169.041956 Da 


Average Mass: 170.0801 Da 
M-: 169.043053 Da 


[M+H]+: 170.049781 Da 


[M+H]-: 170.050878 Da 


[M-H]+: 168.034131 Da 


[M-H]-: 168.035228 Da 


Smiles: CCN(CCCI)CCCI 


InChI = 1S/C6H13CI2N/c1 -2-9(5-3- 
7)6-4-8/h2-6H2, 1 H3 


HNI forms a mobile, brownish to slightly clear, viscous liquid, which has similar properties to HN2 and HN3. The 
pure liquid is a slightly odorless liquid, but it may have an odor of fish. Military grade HN1 is a brownish to lightly 
clear liquid with a slight odor of fish or no odor at all. The impure liquid is a definite brownish color, with a 
varying odor. It is slightly volatile under normal conditions, and is more volatile then HN2. It is quite persistent in 
the environment, being more persistent then HN2; its persistence in the environment may be up to 5 to 9 days under 
normal conditions. Under affluent conditions, such as dry and warm climates, HN1 may persist for up to 6 weeks. 
HNI1 forms a colorless vapor upon evaporation, and will not be detectable in low or even high concentrations by the 
average soldier. HN1 is insoluble in water, and is only slowly hydrolyzed by it. It is very soluble in oils and many 
organic solvents, and it is miscible with chloroform, carbon tetrachloride, dimethylformamide, and carbon 


disulfide. HN1 has a melting point ranging from —20 Celsius to —10 Celsius, depending on purity, and it has a 
boiling point of 193 Celsius. It can be distilled at lower temperatures under a vacuum of 50 to 10 millimeters of 
mercury. The stability of HN1 in cold environments is greater then HN3. Like HN2 and HN3, pure HN] may 
polymerize on standing, and stabilization may or may not be needed. For prolonged storage, it should be mixed 
with chloroform, or methylene chloride. Straight HN1 can be used in military operations with excellent results, 
either by itself, or when mixed with inert agents such as hydrocarbon waxes, or hydrocarbon oils, and then 
disseminated properly. Dissemination of pure HN1 may only last for up to 2 to 3 weeks in the environment under 
normal conditions due to volatility and decomposition. HN1 is a deadly vesicant capable of causing blisters 
anywhere on the body within 4 to 12 hours of exposure. Ordinary clothing has no protective effect to HN1, as it is 
easily absorbed through ordinary cloths, and then into the skin. Areas that have been contaminated for up to 2 2 
weeks can still render appreciable quantities of HN1 suitable for clothing and then skin absorption. HN1 is much 
more difficult to decontaminate then the sulfur mustard agents, or nerve agents, and HN1 is up to 3 to 4 times more 
difficult to decontaminate then sulfur mustards. Like HN2 and HN3, HN1 gives absolutely no warning of its 
presence on the skin, victims exposed to HN1 will not be aware of such an act until 4 to 12 hours later; where upon 
“burn like” blisters and bruises begin to show up on the skin. Preventing spreading of the contaminated flesh areas 
can be difficult, and the effected areas should be treated with excessive amounts of a warm solution of concentrated 
sodium hydroxide, followed by washing with large amounts of soapy hot water (hard water, not soft water). After 
the washing period, the wounds should be treated with an ointment of a alkali gel made from sodium carbonate and 
wax, followed by applying clean bandages to said wounds. Untreated, and even treated wounds can leave 
permanent scaring of the flesh. Wounds caused by HN1 are often slow to heal. Note: HN1 produces blisters after 
exposure to said agent, and these blisters should be immediately scrubbed and broken to remove poisonous fluid. 
The fluid inside blisters caused by HN1 is poisonous. HN] is an effective blister agent. and is superior in nature to 
mustard gas. It can be effectively disseminated through aerosols, explosives munitions, atomizers or humidifiers, or 
foggers. HN1 is a delayed action casualty producing agent. Personnel exposed to liquid or vapor will develop 
burn like blisters and bruises within 4 to 24 hours of exposure. Immediate exposure to agent produces no 
visual signs, even if exposure is by inhalation. Personnel who inhale or ingest liquid or vapor may suffer 
violent consequences within hours of exposure. Inhalation of the agent may be fatal within 60 minutes of 
exposure. Lethal dose for 50% of population in mice through inhalation may range from 1100 milligrams to 
3500 milligrams, but may be as high 4000 milligrams due to its slow rate of onset. The lethal dose through 
inhalation in the average man may very from 1150 milligrams to 3000 milligrams. HN1 is hardly ever lethal 
when absorbed through the skin, and the primary function of HN1 in warfare is to produce casualties and 
injuries. Skin exposure to as little as 100 to 300 milligrams can lead to blisters. Eye exposure to 50 to 100 
milligrams can cause severe eye injury. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 9 | Field Stability: 9 
Persistence (open area): 9 | Storage stability: 7 
Persistence (enclosed area): 9 | Toxicity (as blister agent): 9 


TOTAL EFFECTIVENESS (as blister agent): 8.6 
OVERALL TOXICITY (as warfare agent): 4 
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Into a suitable flask equipped with mechanical stirrer, place 60 grams of anhydrous diethanol-ethylamine, and 
then add 500 milliliters of dry chloroform. Thereafter, add and dissolve 106 grams of thionly chloride, into 200 
milliliters of dry chloroform. Then, slowly add drop wise, the thionly chloride/chloroform mixture to the 
diethanol-ethylamine mixture over a period sufficient as to keep the reaction mixture at room temperature. During 
the addition, rapidly stir the reaction mixture. After the addition, gently reflux the reaction mixture at 60 to 70 
Celsius while stirring for about 2 hours. After refluxing for 2 hours, remove the heat source, and allow the reaction 
mixture to cool to room temperature. Then pour the entire reaction mixture into a rotary evaporator or vacuum 
distillation apparatus, and remove the chloroform and any excess thionly chloride under vacuum. After the 
chloroform has been removed, and dry solid remains, remove the dry solid (which will be HN1 hydrochloride), and 
then dissolve into 500 milliliters of acetone. Then recrystallize this HN1 hydrochloride solid from the acetone 
solution. After the recrystallization process, vacuum dry or air-dry the crystalline HN1I hydrochloride product. Then 
prepare a solution by adding and dissolving 30 grams of anhydrous sodium carbonate into 500 milliliters of 
cold water. Then place this sodium carbonate solution into a cold-water bath, and then slowly add in portions, the 
dry HN1 hydrochloride product over a sufficient time as to keep the sodium carbonate solution below 30 Celsius. 
During the addition, vigorously stir the sodium carbonate solution. After the addition of the HN1 hydrochloride, 
continue to stir the mixture for about 30 minutes at a temperature below 25 Celsius, and then remove the lower 

HN1 layer using a separatory funnel, or by using decantation. Thereafter, place the HN1 layer into a vacuum 
distillation apparatus, and vacuum distill under high vacuum and under a temperature of 150 Celsius to obtain a 
refined HN1 product. Note: The HN1 hydrochloride can be used as a chemical warfare agent by itself if 
desired. It is similar in effect to straight HN1; HN1 hydrochloride may be absorbed by the skin faster. HN1 
hydrochloride can be used as blister agent, as it will produce blisters on the skin within 4 to 18 hours after 
exposure. To use HN1 hydrochloride, dissolve in water, acetone, or methylene chloride to a concentration of 
about 1 to 5% by weight, and then use this corresponding solution as is. The solution can be disseminated 
under the usual techniques, or used in spray bottles as a direct weapon against attackers, or animals. If used 
as a “mace” type weapon, HN1 hydrochloride will cause severe eye irritation, and blindness to anyone 
exposed. 
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Into a suitable beaker, add 68 grams of diethanol-ethylamine, and then add 70 milliliters of water, Thereafter, 
carefully pour in 50 grams of cone. hydrochloric acid solution, while stirring the diethanol-ethylamine, During 
the addition, keep the temperature of reaction mixture below 30 Celsius. After the addition, recrystallize the 
diethanol-ethylamine hydrochloride from the reaction mixture. After the recrystallization process, vacuum dry or 
air-dry the filtered-off crystals. Then place these crystals into a suitable flask, and then add 250 milliliters of 
chloroform. Thereafter add in 64 grams of powdered sulfur, and then assemble an apparatus with gas inlet tube, 
and then rapidly bubble into the reaction mixture, 71 grams of dry chlorine gas while vigorously stirring the 
reaction mixture. Note: The chlorine addition should take no longer then 6 hours. During the chlorine addition, the 
reaction mixtures temperature may rise to 30 or 40 Celsius. If the temperature of the reaction mixture rises above 
50 Celsius, add a cold-water bath to keep the temperature of the reaction mixture below 40 Celsius. After the 
addition of the chlorine, continue to stir the reaction mixture for 30 minutes, and then reflux the reaction mixture at 
60 to 70 Celsius for | hour while stirring the reaction mixture. Thereafter, pour the entire reaction mixture into a 
rotary evaporator, or vacuum distillation apparatus, and remove the chloroform, and liquid impurities via a vacuum 
until dry solid remains. Once the chloroform has been removed, and dry solid remains, remove the dry solid from 
the rotary evaporator, or vacuum distillation apparatus, and then recrystallize the crystals from 500 milliliters of 
acetone. Note: The dry solid will be HN1 hydrochloride. After the recrystallization process, vacuum dry or air-dry 
the HN1 hydrochloride crystals, and then place them aside for just a moment. During which time, prepare a 
solution by adding and dissolving 30 grams of anhydrous sodium carbonate into 500 milliliters of cold water, 
and then place this solution into a cold-water bath. Then gradually add the crystalline HN1 hydrochloride to the 
sodium carbonate solution while vigorously stirring the sodium carbonate solution. During the addition, HN1 will 
separate as a viscous oil. After the addition of the HN1 hydrochloride, continue to stir the sodium carbonate 
mixture for 30 minutes at room temperature, and then remove the lower HN] layer by using a separatory funnel, or 
by decantation. Then place the HN1 layer into a vacuum distillation apparatus, and vacuum distill under high 
vacuum and under a temperature of 150 Celsius to obtain a refined HN1 product. Note: The HN1 hydrochloride 
can be used as a chemical warfare agent by itself if desired. It is similar in effect to straight HN1; HN1 
hydrochloride may be absorbed by the skin faster. HN1 hydrochloride can be used as a blister agent, as it 
will produce blisters on the skin within 4 to 12 hours after exposure. To use HN1 hydrochloride, dissolve in 
water, acetone, or methylene chloride to a concentration of about 1 to 5% by weight, and then use this 
corresponding solution as is. The solution can be disseminated under the usual techniques, or used in spray 
bottles as a direct weapon against attackers, or animals. If used as a “mace” type weapon, HN1 
hydrochloride will cause severe eye irritation, and blindness to anyone exposed. 
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Molecular Formula: Cs;H;;ClLN 


Formula Weight: 156.05354 


Composition: C(38.48%) H(7.10%) 
Cl(45.44%) N(8.98%) 


Molar Refractivity: 38.63 + 0.3 om 


Molar Volume: 141.0 + 3.0 cm* 


Parachor: 333.6 + 4.0 cm> 


Index of Refraction: 1.459 + 0.02 
Density: 1.106 + 0.06 g/cm’ 


Surface Tension: 31.2 + 3.0 dyne/em 
Polarizability: 15.31 + 0.5 10°%cm3 


RDBE: 0 


Monoisotopic Mass: 155.026855 Da 


Nominal Mass: 155 Da 


Average Mass: 156.0535 Da 


M+: 155.026306 Da 


M-: 155.027403 Da 


[M+H]+: 156.034131 Da 


(M+H]-: 156.035228 Da 


[M-H]+: 154.018481 Da 


[M-H]-: 154.019578 Da 


Smiles: CICCN(C)CCCI 


InChl = 1$/C5H11CI2N/c1-8(4-2- 


6)5-3-7/h2-5H2,1H3 


HN2 forms a mobile, brownish to slight clear, viscous liquid, which may have no odor or a fishy or soapy like odor. 
The pure liquid is a slightly odorless liquid with a brownish tint. Military grade HN2 is a brown to lightly clear 
liquid with a slight odor of fish or no odor at all. The impure liquid is a definite brownish color, with a varying 
odor, It is slightly volatile under normal conditions, and is more volatile then HN3. It is quite persistent in the 
environment, but less then HN3; its persistence in the environment may be up to 7 days under normal conditions. 
Under affluent conditions, such as dry and warm climates, HN2 may persist for up to 1month. HN2 forms a 
colorless vapor upon evaporation, and will not be detectable in low or even high concentrations by the average 
soldier, HN2 is insoluble in water, and is only slowly hydrolyzed by it. Itis very soluble in oils and many organic 
solvents, and it is miscible with chloroform, carbon tetrachloride, dimethylformamide, and carbon disulfide. HN2 
has a melting point ranging from —30 Celsius to —20 Celsius, depending on purity, and it has a boiling point of 75 
Celsius under a vacuum of 15 millimeters of mercury. The stability of HN2 in cold environments is greater then 
HN3. Like HN3, pure HN2 may polymerize on standing, and stabilization may or may not be needed. For 
prolonged storage, it should be mixed with chloroform, or methylene chloride. Straight HN2 can be used in military 
operations with excellent results, either by itself, or when mixed with inert agents such as hydrocarbon waxes, or 
hydrocarbon oils, and then disseminated properly. Dissemination of pure HN2 may only last for up to 2 weeks in 
the environment under normal conditions due to volatility and decomposition. HN2 is a deadly vesicant capable of 
causing blisters anywhere on the body within 4 to 12 hours of exposure. Ordinary clothing has no protective effect 
to HN2, as it is easily absorbed through ordinary cloths, and then into the skin. Areas that have been contaminated 
for up to 2 weeks can still render appreciable quantities of HN2 suitable for clothing and then skin absorption. HN2 
is much more difficult to decontaminate then the sulfur mustard agents, or nerve agents, and HN2 is up to 3 times 
more difficult to decontaminate then sulfur mustards. Like HN1 and HN3, HN2 gives absolutely no warning of its 
presence on the skin, victims exposed to HN2 will not be aware of such an act until 4 to 12 hours later; where upon 
“burn like” blisters and bruises begin to show up on the skin. Preventing spreading of the contaminated flesh areas 
can be difficult, and the effected areas should be treated with excessive amounts of a warm solution of concentrated 
sodium hydroxide, followed by washing with large amounts of soapy hot water (hard water, not soft water). After 
the washing period, the wounds should be treated with an ointment of a alkali gel made from sodium carbonate and 
wax, followed by applying clean bandages to said wounds. Untreated, and even treated wounds can leave 
permanent scaring of the flesh. Wounds caused by HN2 are often slow to heal. Note: HN2 produces blisters after 
exposure to said agent, and these blister should be immediately scrubbed and broken to remove poisonous fluid. 
The fluid inside blisters caused by HN2 is poisonous. HN2 is an effective blister agent, and is superior in nature to 
mustard gas. It can be disseminated from aerosols, explosives munitions, atomizers or humidifiers, or foggers. HN2 


is a delayed action casualty producing agent. Personnel exposed to liquid or vapor will develop burn like 
blisters and bruises within 4 to 24 hours of exposure. Immediate exposure to agent produces no visual signs, 
even if exposure is by inhalation. Personnel who inhale or ingest liquid or vapor may suffer violent 
consequences within hours of exposure. Inhalation of the agent may be fatal within 60 minutes of exposure. 
Lethal dose for 50% of population in mice through inhalation may range from 1200 milligrams to 3500 
milligrams, but may be as high 4000 milligrams due to its slow rate of onset. The lethal dose through 
inhalation in the average man may very from 1100 milligrams to 2500 milligrams. HN2 is hardly ever lethal 
when absorbed through the skin, and the primary function of HN2 in warfare is to produce casualties and 
injuries. Skin exposure to as little as 100 to 300 milligrams can lead to blisters. Eye exposure to 50 to 100 
milligrams can cause severe eye injury. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as blister agent): 9 
Persistence (open area): 9 | Storage stability: 7 
Persistence (enclosed area): 9 | Toxicity (as blister agent): 9 
TOTAL EFFECTIVENESS (as blister agent): 8.6 
OVERALL TOXICITY (as warfare agent): 4 
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Into a suitable flask equipped with mechanical stirrer, place 75 grams of anhydrous diethanol-methylamine, and 
then add 500 milliliters of dry chloroform. Thereafter, add and dissolve 149 grams of thionly chloride, into 200 
milliliters of dry chloroform, Then, slowly add drop wise, the thionly chloride/chloroform mixture to the 
diethanol-methylamine mixture over a period sufficient as to keep the reaction mixture at room temperature. 

During the addition, rapidly stir the reaction mixture. After the addition, gently reflux the reaction mixture at 60 to 
70 Celsius while stirring for about 2 hours. After refluxing for 2 hours, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then pour the entire reaction mixture into a rotary evaporator or 
vacuum distillation apparatus, and remove the chloroform and any excess thionly chloride under vacuum. After the 
chloroform has been removed, and dry solid remains, remove the dry solid (which will be HN2 hydrochloride), and 
then dissolve into 500 milliliters of acetone. Then recrystallize this HN2 hydrochloride solid from the acetone 
solution. After the recrystallization process, vacuum dry or air-dry the crystalline HN2 hydrochloride product. Then 


prepare a solution by adding and dissolving 40 grams of anhydrous sodium carbonate into 500 milliliters of 
cold water. Then place this sodium carbonate solution into a cold-water bath, and then slowly add in portions, the 
dry HN2 hydrochloride product over a sufficient time as to keep the sodium carbonate solution below 30 Celsius. 
During the addition, vigorously stir the sodium carbonate solution. After the addition of the HN2 hydrochloride, 
continue to stir the mixture for about 30 minutes at a temperature below 25 Celsius, and then remove the lower 

HN2 layer using a separatory funnel, or by using decantation. Thereafter, place the HN2 layer into a vacuum 
distillation apparatus, and vacuum distill at 75 Celsius under a vacuum of 15 millimeters of mercury to obtain a 
refined HN2 product. Note: The HN2 hydrochloride can be used as a chemical warfare agent by itself if 
desired. It is similar in effect to straight HN2; HN2 hydrochloride may be absorbed by the skin faster. HN2 
hydrochloride can be used as blister agent, as it will produce blisters on the skin within 4 to 12 hours after 
exposure. To use HN2 hydrochloride, dissolve in water, acetone, or methylene chloride to a concentration of 
about 1 to 5% by weight, and then use this corresponding solution as is. The solution can be disseminated 
under the usual techniques, or used in spray bottles as a direct weapon against attackers, or animals. If used 
as a “mace” type weapon, HN2 hydrochloride will cause severe eye irritation, and blindness to anyone 
exposed. 
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Into a suitable beaker, add 61 grams of diethanol-methylamine, and then add 60 milliliters of water. Thereafter, 
carefully pour in 50 grams of a conc. hydrochloric acid solution, while stirring the diethanol-methylamine. 
During the addition, keep the temperature of reaction mixture below 30 Celsius. After the addition, recrystallize the 
diethanol-methylamine hydrochloride from the reaction mixture. After the recrystallization process, vacuum dry or 
air-dry the filtered-off crystals. Then place these crystals into a suitable flask, and then add 250 milliliters of 
chloroform. Thereafter add in 65 grams of powdered sulfur, and then rapidly bubble into the reaction mixture, 72 
grams of dry chlorine gas while vigorously stirring the reaction mixture. Note: The chlorine addition should take 
no longer then 6 hours. During the chlorine addition, the reaction mixtures temperature may rise to 30 or 40 
Celsius. If the temperature of the reaction mixture rises above 50 Celsius, add a cold-water bath to keep the 
temperature of the reaction mixture below 40 Celsius. After the addition of the chlorine, continue to stir the 

reaction mixture for 30 minutes, and then reflux the reaction mixture at 60 to 70 Celsius for 1 hour while stirring 
the reaction mixture. Thereafter, pour the entire reaction mixture into a rotary evaporator, or vacuum distillation 
apparatus, and remove the chloroform, and liquid impurities via a vacuum until dry solid remains. Once the 
chloroform has been removed, and dry solid remains, remove the dry solid from the rotary evaporator, or vacuum 
distillation apparatus, and then recrystallize the crystals from 500 milliliters of acetone. Note: The dry solid will be 
HN2 hydrochloride. After the recrystallization process, vacuum dry or air-dry the HN2 hydrochloride crystals, and 
then place them aside for just a moment. During which time, prepare a solution by adding and dissolving 30 grams 
of anhydrous sodium carbonate into 500 milliliters of cold water, and then place this solution into a cold-water 
bath. Then gradually add the crystalline HN2 hydrochloride to the sodium carbonate solution while vigorously 
stirring the sodium carbonate solution. During the addition, HN2 will separate as a viscous oil. After the addition of 
the HN2 hydrochloride, continue to stir the sodium carbonate mixture for 30 minutes at room temperature, and then 
remove the lower HN2 layer by using a separatory funnel, or by decantation. Then place the HN2 layer into a 


vacuum distillation apparatus, and vacuum distill at 75 Celsius and under a vacuum of 15 millimeters of mercury. 
Note: The HN2 hydrochloride can be used as a chemical warfare agent by itself if desired. It is similar in 
effect to straight HN2; HN2 hydrochloride may be absorbed by the skin faster. HN2 hydrochloride can be 
used as a blister agent, as it will produce blisters on the skin within 4 to 12 hours after exposure. To use HN2 
hydrochloride, dissolve in water, acetone, or methylene chloride to a concentration of about 1 to 5% by 
weight, and then use this corresponding solution as is. The solution can be disseminated under the usual 
techniques, or used in spray bottles as a direct weapon against attackers, or animals. If used as a “‘mace” 
type weapon, HN2 hydrochloride will cause severe eye irritation, and blindness to anyone exposed. 


9. HN3. tris(beta-chloroethyl)amine; 2-Chloro-N,N-bis(2-chloroethyl)ethaneamine; 
2,2’,2”-Trichlorotriethylamine 
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Molecular Formula: CeHi2Cl;N Formula Weight: 204.52518 
Composition: C(35.23%) H(5.91%) | Molar Refractivity: 48.11 + 0.3 cm? 
CI(52.00%) N(6.85%) 
Molar Volume: 168.9 + 3.0 cm Parachor: 411.8 + 4.0 cm” 
Index of Refraction: 1.481 + 0.02 Surface Tension: 35.2 + 3.0 dyne/em 
Density: 1.210 + 0.06 g/cm’ Polarizability: 19.07 + 0.5 10cm" 
RDBE: 0 | Monoisotopic Mass: 203.003532 Da 
Nominal Mass: 203 Da Average Mass: 204.5252 Da 
M+: 203.002984 Da M-: 203.004081 Da 
[M+H]+: 204.010809 Da | [M+H]-: 204.011906 Da 
[M-H]+: 201.995159 Da | [M-H]-: 201.996256 Da 
Smiles: CICCN(CCCI)CCCI InChI = 1S/C6H12CI3N/c7-1-4- 
10(5-2-8)6-3-9/h1-6H2 


HN3 forms a mobile, brownish viscous liquid with a fishy-soapy odor. The pure liquid is a slightly odorless liquid 
with a brown tint. Military grade HN3 is a brown to muddy liquid with a slight odor of fish and hand soap. The 
impure liquid is a definite brownish color, with an odor of fish. It is slightly volatile under normal conditions, and 
is quite persistent in the environment; its persistence in the environment may be up to 7 days under normal 
conditions. Under affluent conditions, such as dry and warm climates, HN3 may persist for up to 2 months. HN3 
forms a colorless vapor upon evaporation, and will not be detectable in low or even high concentrations by the 
average soldier. HN3 is insoluble in water, and is only slowly hydrolyzed by it. It is very soluble in oils and many 
organic solvents, and it is miscible with chloroform, carbon tetrachloride, dimethylformamide, and carbon 
disulfide. HN3 has a melting point of —4 Celsius, and a boiling point of 144 Celsius under a vacuum of 15 
millimeters of mercury. Because of HN3’s relatively high melting point, it must be mixed with other compounds, 
such as thickeners to decrease it’s melting point to allow for greater stability in cold environments. Pure HN3 tends 
to polymerize on standing, and should be stabilized with the addition of 1 to 10% chloroform by weight. For 
prolonged storage, it should be mixed with chloroform, or methylene chloride. Kor us in chemical warfare where a 
strict vesicant action is desired, HN3 should be diluted with sulfur mustards such as mustard gas for use in military 
operations. Straight HN3 can be used in military operations with excellent results, either by itself, or when mixed 
with inert agents such as hydrocarbon waxes, or hydrocarbon oils, and then disseminated properly. Dissemination 
of pure HN3 may only last for up to 2 to 4 weeks in the environment under normal conditions. HN3 is a deadly 
vesicant capable of causing blisters anywhere on the body within 4 to 12 hours of exposure. Ordinary clothing has 
no protective effect against HN3, as it is easily absorbed through ordinary clothing, and then into the skin. Even 
areas that have been contaminated for up to 2 months can still render appreciable quantities of HN3 suitable for 
clothing and then skin absorption. HN3 is much more difficult to decontaminate then the other blister agents, or 


nerve agents, and HN3 is up to 5 times more difficult to decontaminate then the sulfur mustards. Because HN3 
gives absolutely no warning of its presence on the skin, victims exposed to HN3 will not be aware of such an act 
until 4 to 12 hours later; where upon “burn like” blisters and bruises begin to show up on the skin. By this time, 
decontamination is relatively too late, and the only thing left to do is prevent spreading of the contaminated flesh 
areas. Preventing spreading can be difficult, and the effected areas should be treated with excessive amounts of a 
warm solution of concentrated sodium hydroxide, followed by washing with large amounts of soapy hot water. 
After the washing period, the wounds should be treated with an ointment of a alkali gel made from sodium 
carbonate and wax, followed by applying clean bandages to said wounds. Applying a dilute phenol solution can 
help relieve any pain associated with said wounds. Untreated, and even treated wounds can leave permanent 

scaring of the flesh. Note: HN3 produces blisters after exposure to said agent, and these blister should be 
immediately scrubbed and broken to remove poisonous fluid. The fluid inside blisters caused by HN3 is poisonous. 
HN3 is by far the most effective blister agent known to man. HN3 is a delayed action casualty producing agent. 
Personnel exposed to liquid or vapor will develop burn like blisters and bruises within 4 to 24 hours of 
exposure. Immediate exposure to agent produces no visual signs, even if exposure is by inhalation. Personnel 
who inhale or ingest liquid or vapor may suffer violent consequences within hours of exposure. Inhalation of 
the agent may be fatal within 60 minutes of exposure. Lethal dose for 50% of population in mice through 
inhalation may range from 1200 milligrams to 1500 milligrams. The lethal dose through inhalation in the 
average man may very from 1000 milligrams to 1500 milligrams. HN3 is hardly ever lethal when absorbed 
through the skin, and the primary function of HN3 in warfare is to produce casualties and injuries. Skin 
exposure to as little as 100 to 300 milligrams can lead to blisters. Eye exposure to 50 to 100 milligrams can 
cause severe eye injury. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 10 Field Stability: 10 
Persistence (open area): 9 Storage stability: 7 
Persistence (enclosed area): 10 Toxicity (as blister agent): 10 


TOTAL EFFECTIVENESS (as blister agent): 9.3 
OVERALL TOXICITY (as warfare agent): 4/2 
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Into a suitable flask equipped with mechanical stirrer, place 61.5 milliliters of anhydrous triethanol-amine, and 
then add 500 milliliters of dry chloroform, Thereafter, add and dissolve 135 milliliters of thionly chloride, into 
200 milliliters of dry chloroform. Then, slowly add drop wise, the thionly chloride/chloroform mixture to the 
triethanol-amine mixture over a period sufficient as to keep the reaction mixture at room temperature. During the 
addition, rapidly stir the reaction mixture. After the addition, gently reflux the reaction mixture at 60 to 70 Celsius 
while stirring for about 2 hours. After refluxing for 2 hours, remove the heat source, and allow the reaction mixture 
to cool to room temperature. Then pour the entire reaction mixture into a rotary evaporator or vacuum distillation 
apparatus, and remove the chloroform and any excess thionly chloride under vacuum. After the chloroform has 

been removed, and dry solid remains, remove the dry solid (which will be HN3 hydrochloride), and then dissolve 
into 500 milliliters of acetone. Then recrystallize this HN3 hydrochloride solid from the acetone solution. After the 
recrystallization process, vacuum dry or air-dry the crystalline HN3 hydrochloride product. Then prepare a solution 
by adding and dissolving 30 grams of anhydrous sodium carbonate into 500 milliliters of cold water. Then 
place this sodium carbonate solution into a cold-water bath, and then slowly add in portions, the dry HN3 
hydrochloride product over a sufficient time as to keep the sodium carbonate solution below 30 Celsius. During the 
addition, vigorously stir the sodium carbonate solution. After the addition of the HN3 hydrochloride, continue to 
stir the mixture for about 30 minutes at a temperature below 25 Celsius. and then remove the lower HN3 layer 
using a separatory funnel, or by using decantation. Thereafter, place the HN3 layer into a vacuum distillation 
apparatus, and vacuum distill at 144 Celsius under a vacuum of 15 millimeters of mercury to obtain a refined HN3 
product. Note: The HN3 hydrochloride can be used as a chemical warfare agent by itself if desired. It is 
similar in effect to straight HN3; HN3 hydrochloride may be absorbed by the skin faster. HN3 
hydrochloride can be used as blister agent, as it will produce blisters on the skin within 4 to 12 hours after 
exposure. To use HN3 hydrochloride, dissolve in water, acetone, or methylene chloride to a concentration of 
about 1 to 5% by weight, and then use this corresponding solution as is. The solution can be disseminated 
under the usual techniques, or used in spray bottles as a direct weapon against attackers, or animals. If used 
as a “mace” type weapon, HN3 hydrochloride will cause severe eye irritation, and blindness to anyone 
exposed. 
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Into a suitable beaker, add 70 grams of triethanol-amine, and then add 70 milliliters of water. Thereafter, 
carefully pour in 45 grams of a conc. hydrochloric acid solution, while stirring the triethanol-amine. During the 
addition, keep the temperature of reaction mixture below 30 Celsius. After the addition, recrystallize the triethanol- 
amine hydrochloride from the reaction mixture. After the recrystallization process, vacuum dry or air-dry the 
filtered-off crystals. Then place these crystals into a suitable flask, and then add 250 milliliters of chloroform. 
Thereafter add in 45 grams of powdered sulfur, and then assemble the apparatus as illustrated below. Then 
rapidly bubble into the reaction mixture, 50 grams of dry chlorine gas while vigorously stirring the reaction 
mixture. Note: The chlorine addition should take no longer then 6 hours. During the chlorine addition, the reaction 
mixtures temperature may rise to 30 or 40 Celsius. If the temperature of the reaction mixture rises above 50 

Celsius, add a cold-water bath to keep the temperature of the reaction mixture below 40 Celsius. After the addition 
of the chlorine, continue to stir the reaction mixture for 30 minutes, and then reflux the reaction mixture at 60 to 70 
Celsius for | hour while stirring the reaction mixture. Thereafter, pour the entire reaction mixture into a rotary 
evaporator, or vacuum distillation apparatus, and remove the chloroform, and liquid impurities via a vacuum until 
dry solid remains. Once the chloroform has been removed, and dry solid remains, remove the dry solid from the 
rotary evaporator, or vacuum distillation apparatus, and then recrystallize the crystals from 500 milliliters of 
acetone. Note: The dry solid will be HN3 hydrochloride. After the recrystallization process, vacuum dry or air-dry 
the HN3 hydrochloride crystals, and then place them aside for just a moment. During which time, prepare a 

solution by adding and dissolving 25 grams of anhydrous sodium carbonate into 400 milliliters of cold water, 
and then place this solution into a cold-water bath. Then gradually add the crystalline HN3 hydrochloride to the 
sodium carbonate solution while vigorously stirring the sodium carbonate solution. During the addition, HN3 will 
separate as a viscous oil. After the addition of the HN3 hydrochloride, continue to stir the sodium carbonate 

mixture for 30 minutes at room temperature, and then remove the lower HN3 layer by using a separatory funnel, or 
by decantation. Then place the HN3 layer into vacuum distillation apparatus, and vacuum distill at 144 Celsius and 
under a vacuum of 15 millimeters of mercury. Note: The HN3 hydrochloride can be used as a chemical warfare 
agent by itself if desired. It is similar in effect to straight HN3; HN3 hydrochloride may be absorbed by the 
skin faster. HN3 hydrochloride can be used as blister agent, as it will produce blisters on the skin within 4 to 
12 hours after exposure. To use HN3 hydrochloride, dissolve in water, acetone, or methylene chloride to a 
concentration of about 1 to 5% by weight, and then use this corresponding solution as is. The solution can be 
disseminated under the usual techniques, or used in spray bottles as a direct weapon against attackers, or 
animals. If used as a “mace” type weapon, HN3 hydrochloride will cause severe eye irritation, and blindness 
to anyone exposed. 


10. CX. Phosgene oxime; Dichloroformoxime; Hornet gas; Nettle gas 
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Molecular Formula: CHCLNO Formula Weight: 113.93074 
Composition: C(10.54%) H(0.88 %) Molar Refractivity: 20.25 + 0.5 cm 
Cl(62.24%) N(12.29%) O114.04%) 
Molar Volume: 68.4 £ 7.0 cm? Parachor: 176.0 + 8.0 cm” 
Index of Refraction: 1.503 + 0.05 Surface Tension: 43.8 + 7.0 dyne/em 
Density: 1.66 + 0.1 g/cm’ Polarizability: 8.02 + 0.5 10cm" 
RDBE: 1 Monoisotopic Mass: 112.943519 Da 
Nominal Mass: 113 Da Average Mass: 113.9307 Da 
M+: 112.94297 Da M-: 112.944068 Da 
[M+H]+: 113.950795 Da | [M+H]-: 113.951893 Da 
[M-H]+: 111.935145 Da [M-H]-: 111.936243 Da 
CIV/C(CH)=N\O InChI = 1S/CHCI2NO/c2-1(3)4- 
5/hSH 


Phosgene oxime forms a colorless to light colored solid, or colorless to yellowish brown liquid. The pure white 
crystals tend to slowly turn pink on long standing, and the impure crystals tend to form a light yellowish slurry on 
long standing. Military grade phosgene oxime will most likely be a yellowish brown liquid, which will be very 
viscous, and slurry like. Phosgene oxime has a melting point of 35 Celsius, and a boiling point of 129 Celsius (with 
decomposition starting at 120+ Celsius). It can be easily distilled at 53 Celsius under a vacuum of 28 millimeters of 
mercury. Phosgene oxime is readily soluble in water, and it is soluble in most common organic solvents. It has a 
strong and violent sharp odor, with a prickling effect. Phosgene oxime is rather volatile, and it readily evaporates 
on standing in the open. Its persistence in the environment is satisfactory for military interests, and it can last up to 
2 to 3 weeks under affluent conditions; warm and dry with no wind. In some cases its persistence may range from 
about 24 hours to 7 days. Reports have indicated a rather uneven rate of persistence, meaning it tends to persist 
longer in some areas then others, regardless of similarities in environmental conditions. One report indicates its 
persistence in warm and dry climates to be as high 4 weeks, Phosgene oxime is quite stable, and it only slowly 
decomposes on standing. Decontamination of phosgene oxime can be difficult, and neither bleach nor alkalis show 
any remarkable rates of decontamination. Phosgene oxime is a violent irritant, which produces immediate pain and 
stinging upon skin contact. The pain associated with skin contact to the vapor, liquid, or solid resemble that of bee 
stings. Phosgene oxime violently irritates the eyes, nose, and throat immediately upon exposure. Severe irritation, 
rash formation, and wheals result within minutes of skin contact. Phosgene oxime is by far one of the most violent 
irritating substances known to man. Its use in chemical warfare is extremely beneficial on many levels. It can be 
used for incapacitating exposed personnel, or used in combination with lethal agents such as nerve agents or blood 
agents where it is desired to get personnel to remove their gas masks. Personnel exposed to this agent either 
through inhalation, eye or nose contact, or skin contact will suffer from pain and irritation reassembling stinging 
nettle or bee stings. In some cases the exposed personnel will be totally unable to where their gas masks due to 
severe irritation, which not only produces physical pain, but emotional drain as well. Exposed personnel will be 
overwhelmed with thoughts and feelings to seek medical treatment to subside the irritation, that they will remove 
their gas masks and will not think about their exposure to the lethal nerve gas or blood agents, which may also be 
present. Phosgene oxime is poisonous, and skin absorption or inhalation of the agent can produce systematic 
poisoning within hours of exposure leading to death. Blister formation usually takes up to 4 to 32 hours after skin 
contact, but some cases will show no blisters at all. Phosgene oxime is not only a violent vesicant, but it 
demonstrates activity resembling those of the blood agents. Skin exposure to very small amounts will produce 
immediate irritation and stinging, with red spots or nodules forming within hours to days. In some cases, persons 
exposed to very small amounts of vapor develop soars or bumps 12 days after exposure, with the usual pain and 


irritation upon immediate contact. Skin exposure to large concentrations of vapor, liquid, or solid will produce 
violent pain, with skin damage resulting almost immediately, or up to several hours after exposure. Inhalation of 
phosgene oxime can lead to death within hours of exposure, with severe lung irritation and tissue damage resulting 
before hand. Note: Phosgene oxime is capable of penetrating rubber, rendering some gas masks ineffective. Some 
plastics and or other polymers can be penetrated by this agent as well. Note: According to certain tests, phosgene 
oxime was able to successfully dissolve certain types of rubber used in the manufacturing of military gas masks. 
Large concentrations of phosgene oxime can cause some gas masks to “smoke”, meaning the polymers in the gas 
mask decompose with the evolution of heat in contact with phosgene oxime. Note: The US militaries standard 

gas masks do not provide adequate protection to field concentrations, and protection against low 
concentrations is unknown. Phosgene oxime is a fast-acting casualty producing agent capable of disabling 
and producing casualties within seconds of dissemination. Concentrations of as little as 1 milligram can 
cause irritation and stinging to exposed skin. Inhalation of as little as 15 to 50 milligrams may produce 
irritation, and 100 to 500 milligrams thorough inhalation is capable of producing incapacitating results. The 
lethal dosage through inhalation is rather high, ranging from 2000 to 4000 milligrams. Systematic poisoning 
from skin absorption ranges from 200 to 1200 milligrams. Skin exposure to 50 to 1500 milligrams of 
phosgene oxime can lead to the development of blisters within 48 hours. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as blister agent): 6 Field Stability: 8 
Persistence (open area): 8 Storage stability: 6 
Persistence (enclosed area): 9 Toxicity (as blister agent): 7 


TOTAL EFFECTIVENESS (as blister agent): 7.3 
OVERALL TOXICITY (as warfare agent): 3 
OVERALL RATING (scale from 1 to 10) 
Effectiveness (as irritant/disabling agent): 10 _| Field Stability: 8 
Persistence (open area): 8 Storage stability: 6 
Persistence (enclosed area): 9 Toxicity (as irritant/disabling agent): 10 
TOTAL EFFECTIVENESS (as irritant/disabling agent): 8.5+ 
OVERALL TOXICITY (as warfare agen 
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Into a suitable flask, add 800 milliliters of anhydrous tetrahydrofuran, and then place the flask into an ice bath, 
and chill to 0 Celsius. Thereafter, bubble into the tetrahydrofuran, 306.6 grams of anhydrous hydrogen chloride 
gas. After the hydrogen chloride gas has been added, carefully add in 63 milliliters of chloropicrin while stirring 
the reaction mixture and maintaining its temperature at 0 Celsius at all times. The addition of the chloropicrin 
should not take to long, and the rate of addition should be careful enough so as not to exceed a temperature of 0 
Celsius. Once the chloropicrin has been added, slowly add in small portions over a period of 4 hours, while stirring 
the reaction mixture and maintaining its temperature at 0 Celsius, 90.2 grams of tin powder. Note: When the tin is 
first added, the reaction mixtures color will change from colorless to a brilliant blue After the addition of the tin 
powder, stir the reaction mixture for 2 additional hours at 0 Celsius. After 2 hours, filter the reaction mixture to 
remove insoluble impurities, and then place the filtered reaction mixture into a rotary evaporator, and evaporate-off 
the tetrahydrofuran under vacuum. After the tetrahydrofuran has been removed, place the remaining residue into a 
clean vacuum distillation apparatus, and vacuum distill the phosgene oxime at 55 Celsius under a vacuum of 28 
millimeters of mercury. Note: In some cases, the phosgene oxime will condense on the walls of the condenser, 
forming a pasty layer. If this happens, the condenser should be removed after the operation, and then gently heated 
to melt the phosgene oxime, which can then be collected into a flask. Note: The resulting phosgene oxime should 
be vacuum distilled once more at 55 Celsius under a vacuum of 28 millimeters of mercury to obtain a purified 
product of about 85% purity. The result will be about 26 grams of desired product. This product can then be 
recrystallized from any desired solvent to obtain crystals of about 95% purity, but this operation is not needed when 
using phosgene oxime in military operations. 


Chapter 04: The preparation of intermediates 
for Nerve Agents 


Overview 


In the preparation of chemical warfare agents, specifically that of nerve agents, there are a series of compounds that 
have special properties and conditions that warrant they be placed in this section; however, the intermediates listed 
in this chapter will have their complete properties and method of preparation fully discussed. As mentioned 
previously, practically all of the intermediates or "starting" compounds listed in this section are for the preparation 
of nerve agents. The key to experimenting and making new or potential cholinesterase inhibitors (nerve agents), is 
to start with the molecular back bones listed in the following illustration: 


é cl 1 Oo 
mo—‘$—cl Sx Nw 
a /~>R /~F 
cl R 
metal chlorosulphonates Alky or Ary! oe dichloride —_ dialkyl or ary! ee fluoride 
Mo. S F f Rad i 
—- / ine ] — 
o R 
metal fluosulphonates — Alkyl or Ary! phosphonothioic dichloride _ dialkyl or aryl phosphinothioic fluoride 
° F 
1 fe} 
ci—P—cl Spf PR 
5 “\ 
cA R / ~cl 
cl 7 
Phosphoryl chloride Alkyl or aryl phosphonic difluoride —_ dialkyl or aryl siege chloride 
Ss F 
| sf if 
Sx 
cl—P—cl /* } — 
cl R 
Thiophosphory! chloride Alkyl or aryl phosphonothioic difluoride dialkyl or ary! phosphinothioic chloride 
i A 
F—P—F dies 
! cl 
Phosphoryl fluoride mono phosphonitrillic dichloride | mono phosphonitrillic difluoride 
Ss R 
| R! \,7° sr Vi R! 
F—P—F Nom *\ 
L ‘S—R* / _~ ee 
Thiophosphoryl fluoride  O,S-dialkyl or aryl alkylphosphonothioates a i 
F aN s R 
F I i 
F he RL Da alkyl or ary! cael dichlorides 
EPS (e) ‘3 R? 
a he f - 
Phosphorus pentafluoride ©,S-dialkyl or aryl alkylphosphonodithioates 
6 Zs Pee eo 
cl 
a VA R' caer Vi R! | 
/ fone a / Spy “ alkyl or aryiphosphoramidic difluorides 
cl ] ] 
R 
alkyl or arylphosphoramidothioic dichlorides alkyl or arylphosphoramidothioic difluorides 
Ss 
I 
ies cl—P—c==N cl—P—c==N 
F 
Phosphoryl dichlorofluoride cl cl 


phosphorocyanidic dichloride phosphorocyanidothioic dichloride 


1. Arsenic Fluorosulfonate; AS-FS; Marlin 109 


Arsenic fluorosulfonate is a clear, colorless, mobile liquid, with a boiling point of 138 Celsius at atmospheric 
pressure. The liquid fumes in moist air forming highly irritating vapors of hydrogen fluoride. It reacts violently 
with water forming arsenic oxides, and hydrofluoric acid. Arsenic fluorosulfonate is pyrolyzed to sulfuryl fluoride 
when heated above 700 Celsius. The arsenic compound is a very powerful fluorinating and sulfonating agent, and 
polymerization compound. When arsenic fluorosulfonate is treated with styrene, is causes the styrene to polymerize 
immediately. When arsenic fluorosulfonate is treated with alkyl or aryl halogens (mainly that of chlorine), 
chlorofluorocarbons are produced. The sulfonating power of arsenic fluorosulfonate is demonstrated by the fact that 
is reacts vigorously with aromatic benzenes, such as toluene or xylene forming sulfonic acids, which polymerize to 
diphenyl sulfones when poured into water. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 7 Field Stability: | in moist environments; 3 in 
dry environments 

Persistence (open area): | | Storage stability: 8.1 (when kept dry) 

Persistence (enclosed area): 3.5 | Toxicity (as intermediate): 6 
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Arsenic fluorosulfonate 


Assemble the apparatus as illustrated below, and then pour 400 grams of pure anhydrous arsenic trifluoride 
[prepared by heating finely pulverized fluorspar to 70 Celsius in a nickel distillation/reaction apparatus (calcium 
fluoride containing 80% calcium fluoride) with arsenic trioxide in the presence of concentrated sulfuric acid 
followed by instantaneous distilling to recover the arsenic trifluoride], Note: use extreme care when handling 
arsenic trifluoride, which is highly toxic; into the addition funnel as illustrated, and then place 1600 grams of 


sulfur trioxide into the reaction flask as illustrated. Immediately thereafter, begin to drip slowly, the arsenic 
trifluoride into the reaction flask containing the sulfur trioxide under vigorous agitation via the motorized stirrer 
until all the arsenic trifluoride as been added (should taken no more then 2 hours). Note: during the addition of the 
arsenic trifluoride, the reaction mixture will begin to heat up and reflux by itself so keep the heating mantle turned 
off. After all the arsenic trifluoride has been added, continue to rapidly agitate the reaction mixture, and allow it to 
cool to room temperature by itself. Once the reaction mixture has cooled to room temperature, turn on the heating 
mantle, and reflux the reaction mixture at 140 Celsius for 3 hours. After 3 hours, turn off the heating mantle, and 
allow the reaction mixture to cool to room temperature. Once it has, disassemble the apparatus, and setup the 
second distillation apparatus as illustrated, and then distill the desired arsenic fluorosulfonate at 141 Celsius. Note: 
during the distillation two products will distill over forming a two-phase mixture. After no more liquid distills over, 
turn off the heating mantle, and then allow the apparatus to cool to room temperature. Now, to the receiver flask 
containing the two-phase mixture, pour the entire liquid mass into a separatory funnel, and then carefully drain-off 
the bottom liquid layer, which will be the desired product of arsenic fluorosulfonate. Re-distillation of this desired 
product at 138 Celsius will produce a product of 99.8% purity. Note: the upper layer from the receiver flask will 
contain pyrofluorosulfanate, and can be discarded. 
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Calcium fluorosulfonate is a very useful and effective intermediate in the preparation of nerve agents. The exact 
physical properties of the substance have not been fully investigated, but it is a light brown to brownish-grayish, 
brittle and easily pulverized solid mass, with no determined melting point. The compound is stable up to 
temperatures ranging from 300 to 700 Celsius, followed by decomposition with formation of calcium fluoride and 
sulfur trioxide. Calcium fluorosulfonate is insoluble in all known solvents, and it fumes in moist air forming 
hydrogen fluoride gas. The compound must be protected from water, in which is can react violently forming 
calcium sulfate, and hydrofluoric acid. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 9 Field Stability: 1.5 in moist environments; 5 in 
dry environments 

Persistence (open area): 2 Storage stability: 9 (when kept dry) 

Persistence (enclosed area): 4 Toxicity (as intermediate): 4 


LACRIMATORY IBRITANT REACTIVE 


PREPARATION I: 
Step 1: Preparation of sodium chlorosulfonate 
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sodium chlorosulfonate 


Into an apparatus as illustrated below, pour in 1 liter of dry carbon tetrachloride into the three-neck flask as 
illustrated. Immediately thereafter, pour in all at once 109 grams of dry powdered sodium chloride, and then turn 
on the motorized stirrer, and rapidly blend the suspended mixture. Then, carefully place 150 grams of sulfur 
trioxide into the single neck flask equipped with heating mantle as illustrated, and then assemble the apparatus as 
shown, connected to a vacuum pump and mercury manometer (not shown). Then turn on the vacuum to 300mm of 
mercury, and then immediately thereafter, heat the gamma-sulfur trioxide to 50 Celsius to volatize the sulfur 
trioxide into a gas, and allow this sulfur trioxide gas to bubble into the reaction mixture in the 3-neck flask, under 
rapid agitation. During the addition of the sulfur trioxide, sodium chlorosulfonate will form and sink to the bottom 
of the three-neck flask. Continue to heat and add the sulfur trioxide into the reaction mixture under rapid stirring 
and vacuum, until all the gamma sulfur trioxide in the single neck flask has dissipated away. When this point has 
been achieved turn off the heating mantle, allow the single neck flask to cool to room temperature, but during the 
cool down period continue to rapidly blend the contents of the reaction mixture for 3 hours at a temperature of 8 to 
12 Celsius, and turn off the vacuum pump. Thereafter, disassemble the apparatus, and filter-off the insoluble 
desired product using suction filtration, and then wash with three 25-milliliter portions of dry glycerol (gently 
pre-heated to 30 Celsius), followed by three 300-milliliter portions of dry hexane. Finally, suction dry the washed 
product as best as possible, and then place the suction dried desired product in an oven, and bake at 60 Celsius for I 
hour. After 1 hour, turn off the oven, and then remove the dried desired product of sodium chlorosulfonate (after 

the oven has cooled), and store this desired dried product in a desiccator over concentrated sulfuric acid until use in 
step 2. 
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Step 2A: Preparation of chlorosulfonic acid (oleum process) 
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chlorosulfonic acid 


Into the apparatus as illustrated below, place 200 grams of sodium chlorosulfonate (prepared in step 1) into the 
reaction apparatus as illustrated, followed by 500 milliliters of dry carbon tetrachloride, and then carefully pour 
into the addition funnel, 250 grams of oleum (30% sulfur trioxide). Immediately thereafter, turn on the heating 
mantle to 153 Celsius, and turn on the motorized stirrer to high speed. Now, when the temperature of the contents 
in the reaction flask reach 50 Celsius, begin to drip in, the oleum from the addition funnel at rate that it will take 
only 30 minutes to empty the oleum from the addition funnel into the reaction mixture. Continue to allow the 
reaction mixture to heat up to 153 Celsius under rapid stirring. When the temperature of the reaction mixture 
reaches 80 Celsius the carbon tetrachloride will begin to distill over, and when the temperature of the reaction 
mixture reaches 153 Celsius, the desired product of chlorosulfonic acid will distill over. Continue to heat the 
reaction mixture at 153 Celsius under rapid stirring until no more distillate distills over. When this point is reached, 
turn off the heating mantle and allow the remaining acidic reaction mixture to cool to room temperature. Note: 
continue to stir the acidic reaction mixture during the cool down period. Now, disassemble the apparatus, recycle 
the sulfuric acid from the reaction flask if desired, and then pour the two-phase mixture into a clean standard 
distillation apparatus, and distill-off the carbon tetrachloride at 80 Celsius, until no more distillate is collected; 
when this point is reached, the chlorosulfonic acid will remain in the distillation flask. Then turn off the heating 
mantle, and allow the remaining chlorosulfonic acid to cool to room temperature. Once it has, disassemble the 
distillation apparatus, and then pour the chlorosulfonic acid into an glass container sealed air-tight, and store in a 
desiccator over phosphorus pentoxide until use for step 3. 
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Step 2B: Preparation of chlorosulfonic acid (hydrogen chloride process) 
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chlorosulfonic acid 


Into the special apparatus illustrated in the following and connected to a vacuum pump and mercury manometer, 
turn on the motorized stirrer on high speed, and then turn on the heating blocks (made of aluminum filled with 
NiChrome wire) to 100 Celsius. When the temperature inside the reaction vessel reaches 100 Celsius, turn on the 
vacuum pump to 450mm of mercury, and immediately begin to pass into the reaction vessel 96 grams of dry 
hydrogen chloride gas at a flow rate of 150 mg per/minute, and at the same time pass into the reaction vessel 217 
grams of sulfur trioxide (pre-heated to 100 to 150 Celsius) at a flow rate of 2.9 grams per/minute while rapidly 
stirring the gases inside the reaction vessel. Note: during the addition of the two gases, chlorosulfonic acid will 
form quantitatively, and condense into a liquid, that will drip down to the bottom of the reaction vessel, and will be 
cooled by the cold water condenser, forming cooled chlorosulfonic acid, which will collect in the bottom receiver 
flask. Once all the desired amounts of both gases have been passed into the reaction vessel, turn off the vacuum 
pump, but continue to heat the reaction vessel under rapid agitation for 30 minutes. After 30 minutes, turn off the 
heat source, and turn off the motorized stirrer, and allow the reaction vessel to cool to room temperature. 
Thereafter, recover the desired product of chlorosulfonic acid, which will be in high purity, and store in a air-tight 
sealed glass bottle in a desiccator over phosphorus pentoxide until use for step 3. 
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Step 3: Preparation of calcium fluorosulfonate 
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Into an apparatus as similar to the one illustrated in the following, place 41.1 grams of finely ground fluorspar 
(containing up to 90 to 95% calcium fluoride) in the reaction flask, and then add pour 116.5 grams of 
chlorosulfonic acid (prepared in steps 2), into the addition funnel as illustrated. Thereafter, turn on the heating 
mantle to 100 Celsius, and turn on the motorized stirrer. Now, when the temperature inside the reaction flask 
reaches about 50 Celsius, begin to carefully and slowly drip in the chlorosulfonic acid into the reaction flask while 
rapidly stirring, and allow the temperature of the reaction mixture to come to around 100 Celsius. The addition of 
the chlorosulfonic acid should take no more then 15 minutes. Now, once all the chlorosulfonic acid has been added, 
continue to rapidly blend the reaction mixture on high speed, and then increase the heating mantle to 150 Celsius, 
and maintain this temperature with rapid stirring for 3 hours. Note: during this 3 hour period hydrogen chloride gas 
will be steady evolved, and will need to be vented. After heating and stirring for 3 hours, turn off the heating 
mantle, and allow the reaction mixture to cool to room temperature. Note: continue to blend the reaction mixture 
during this cool down period. Note: the motorized stirrer must be strong and durable enough as it will be blending a 
viscous semi-solid mass. Once the reaction mixture has cooled to room temperature, remove the addition funnel, 
and then pour in 500 milliliters of carbon tetrachloride, and then continue to blend this new mixture on high 
speed for about 1 hour, Note: adding the carbon tetrachloride with stirring will help dislodge any desired solid 
product that may be stuck to the walls of the reaction flask, and produce a uniform dispersion mixture. Finally, after 
stirring the new mixture for about | hour, turn off the motorized stirrer, and then quickly disassemble the apparatus, 
and then filter-off the insoluble desired product mass using a Buchner funnel under strong suction. Thereafter, wash 
the collected filtered off mass with three 150-milliliter portions of dry hexane, and then suction dry as best as 


possible. Now, collect the suction dried washed desired product and place it onto a glass plate, and heat it in an 
oven at 70 Celsius for 4 hours. After 4 hours, turn off the oven, allow it to cool, and then remove the dried desired 
product of calcium fluorosulfonate, and then store this product in a desiccator over concentrated sulfuric acid until 
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3. Phosphoryl Chloride; Phosphorus oxytrichloride; Phosphoric trichloride 
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Phosphoryl chloride is a clear, colorless, fuming liquid with the smell of phosphorus trichloride mixed with 
hydrogen chloride. The liquid is very stable at room temperature and temperatures up to 500 Celsius when kept dry. 
It has a melting point of 2 Celsius, in which it forms beautiful tubular crystals, and a boiling point of 110 Celsius at 
STP. Phosphoryl chloride reacts vigorously with water and alcohols. Phosphoryl chloride is an excellent 
intermediate in the formation of nerve agents. 


OVERALL RATING (scale from 1 to 10) 
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phosphoryl chloride 


Setup a standard reflux apparatus, equipped with cold-water bath, rather then heating mantle, and equipped with 
motorized stirrer and thermometer. Then pour 500 grams of pure dry phosphorus trichloride (note: must be free 
from elemental phosphorus otherwise explosion may result-the phosphorus trichloride should be distilled just for 
precautions sake prior to use) into the distillation flask. Now, turn on the motorized stirrer to high speed, and then 
carefully and very cautiously add 160 grams of potassium chlorate, in 4-gram portions at a time, stirring 
vigorously each addition. Note: the reaction can be quit violent so check your thermometer often, and do not allow 
the reaction mixtures temperature to rise above 80 Celsius. After each 4-gram addition, vigorously stir the reaction 
mixture, and wait about 5 to 15 minutes before adding another 4-gram portion of chlorate. Continue to do this until 
all the potassium chlorate has been added. Once all the potassium chlorate has been added, continue to stir the 
reaction mixture until the reaction mixtures temperature cools to room temperature. Once the reaction mixture has 
cooled to room temperature, disassemble the reflux apparatus, and then filter-off the insoluble by-product 
potassium chloride using a dry Buchner funnel under strong suction. Thereafter, take the filtered reaction mixture, 
and place it into a common distillation apparatus, and distill at 110 Celsius, to collect phosphoryl chloride of high 
purity. After the distillation, place the distilled phosphoryl chloride into an amber glass bottle and store it ina 
desiccator over concentrated sulfuric acid until use. 


4. Thiophosphoryl chloride; Thiophosphoryl trichloride; Phosphorothioic trichloride 
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Thiophosphoryl chloride forms a colorless mobile liquid with a characteristic pungent odor. The liquid fumes in 
moist air, forming hydrogen sulfide and hydrogen chloride gases. The compound has a melting point of -35 Celsius 
and below —35 Celsius it forms beautiful white crystals. The boiling point of the chloride is 126 Celsius. 
Thiophosphoryl chloride reacts only slowly with water, and when poured into a glass of water, the chloride sinks to 
the bottom, slowly being hydrolyzed to hydrochloric and phosphoric acid, and hydrogen sulfide and a litde sulfur 
making the mixture turbid. The chloride reacts with un-do violence with alkyl alcohols, Thiophosphoryl chloride 
reacts with dry ammonia gas with liberation of heat, and forming thiophosphoryl diamidochloride, and 
thiophosphoryl triamide. Thiophosphoryl chloride forms explosive mixtures with excess oxygen and ignited. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 9 Field Stability: 0.5 in moist environments; 6.5 
in dry environments 

Persistence (open area): 1.5 | Storage stability: 9 (when kept dry) 

Persistence (enclosed area): 5 | Toxicity (as intermediate): 5.5 
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Into a standard reflux apparatus (no heating mantle), and the reaction flask submerged in an ice/salt bath, and this 
reaction flask fitted with motorized stirrer, gas inlet tube, and hooked to a vacuum manifold and vacuum pump, 
pour in 211 grams of pure dry phosphorus pentachloride free from elemental phosphorus. Thereafter, turn on 
the motorized stirrer to high speed, and then begin to pass into the reaction flask via the gas inlet tube, 35 grams of 
pure dry hydrogen sulfide gas, at a flow rate of 50 mg per/minute while continuing to stir the reaction mixture, and 
maintaining the reaction mixtures temperature around 0 Celsius at all times. Also, Shortly after beginning to bubble 
in the hydrogen sulfide gas, turn on the vacuum pump, and maintain a vacuum of 245mm of mercury. Note: the 
vacuum will suck out the hydrogen chloride gas by-product. Once all the hydrogen sulfide gas has been added, 
continue to stir the reaction mixture under rapid agitation, and continue to hold a vacuum of 245mm of mercury for 
4 hours. After 4 hours, most of the hydrogen chloride gas by-product should have been sucked from the reaction 
mixture. Now, after 4 hours, turn off the motorized stirrer, turn off the vacuum pump, and then remove the reaction 


apparatus from the ice/salt bath, and allow it to warm to room temperature. Thereafter, pour the entire reaction 
mixture into a common distillation apparatus, and distill the reaction mixture at 126 Celsius. After all the desired 
product of thiophosphoryl chloride has been collected by distillation, stop the distillation process, and then pour the 
collected desired product into a clean glass container sealed air-tight, and store in a desiccator over concentrated 
sulfuric acid until use. 
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phosphorus pentachloride thiophosphoryl chloride 


Into a pressure apparatus as illustrated below, pour in 200 grams of phosphorus pentachloride, followed by 34 
grams of phosphorus pentasulfide, and then followed by 10 grams of pure powdered sulfur. Thereafter, seal 
the pressure apparatus, and then turn on the heater to 150 Celsius. Once the temperature of the reactants inside the 
pressure apparatus has reached 150 Celsius, hold this temperature for 6 hours. After 6 hours, turn off the heater, and 
allow the reaction mixture inside the pressure apparatus to cool to room temperature. Thereafter, equalize the 
pressure of the pressure apparatus, and then open the pressure apparatus, and pour the entire reaction mixture into 
750 milliliters of diethyl ether, and then stir for 30 minutes. Thereafter, filter the ether mixture to remove 
insoluble impurities, and then pour the filtered ether reaction mixture into a large separatory funnel, and then drain- 
off the bottom liquid layer, which will be the desired product of thiophosphoryl chloride. Finally, pour the drained- 
off thiophosphorus trichloride into a standard distillation apparatus. and distill the desired product at 126 Celsius 
until no more liquid passes over. After all the desired product of thiophosphoryl chloride has been collected by 
distillation, stop the distillation process, and then pour the collected desired product into a clean glass container 
sealed air-tight, and store in a desiccator over concentrated sulfuric acid until use. 
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Into a standard reflux apparatus equipped with motorized stirrer, thermometer, pour in 303 grams of phosphorus 
pentachloride, followed by 750 milliliters of dry hexane, and then followed by 165 grams of finely powdered 
antimony trisulfide. Thereafter turn on the motorized stirrer to high speed, and then turn on the heating mantle to 
78 Celsius, and bring the reaction mixture to reflux. Continue to reflux the reaction mixture at 78 Celsius for 4 
hours under rapid stirring. After 4 hours, turn off the heating mantle, and allow the reaction mixture to cool to room 
temperature. Note: during the cool down period, continue to rapidly stir the reaction mixture. Once the reaction 


mixture has cooled to room temperature, disassemble the apparatus, and then filter-off the insoluble by-product 
antimony trichloride, and then place the filtered reaction mixture into a common distillation apparatus, and distill- 
off the hexane at 80 Celsius until no more hexane passes over. Thereafter, allow the remaining desired product of 
thiophosphoryl chloride in the distillation apparatus to cool to room temperature, then disassemble the apparatus, 
and filter the desired liquid product to remove insoluble impurities, and then pour the filtered liquid product into a 
clean distillation apparatus, and distill the desired product at 126 Celsius to collect a refined pure desired liquid 
product of thiophosphoryl trichloride. 


5. Phosphory] fluoride; Phosphorus oxytrifluoride; Phosphoric trifluoride 


Phosphoryl fluoride forms a colorless, highly irritating and chocking gas with a melting point of —68 Celsius, and a 
boiling point of -40 Celsius. The gas has a peculiar odor that is easily recognizable and it fumes in moist air 
forming phosphorus oxide, and hydrogen fluoride. The gas reacts with relatively undo violence when treated with 
water or alcohol. When dissolved in water, it forms phosphoric and hydrofluoric acids with generation of heat. 
When pure and dry, phosphoryl fluoride is relatively stable and does not attack glass, but if water or moisture is 
present it corrodes glass. Also, when pure and dry, phosphoryl fluoride is quite un-reactive, and does not even react 
with fluorine gas. The gas is toxic, and attacks the lungs and mucous membranes. 


OVERALL RATING (scale from 1 to 10) | 

Effectiveness (as intermediate): 5 Field Stability: 4.5 in moist environments; 9 in 
dry environments 

Persistence (open area): 6 Storage stability: 9.5 (when kept dry) 


Persistence (enclosed area): 8.5 Toxicity (as intermediate): 7.5 
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Into a special apparatus as illustrated below (prior, take 400 grams of dry phosphorus pentoxide and 462 grams 
of eryolite and mix thoroughly in a blender to form a uniform powdered mix), place the phosphorus 
pentoxide/cryolite powdered mixture into the brass tube, making sure to ensure an even flat dispersing over the 
brass tube as illustrated. Thereafter, assemble the special apparatus. and then purge the entire apparatus with dry 


argon gas at a flow rate of S00 mg per/minute. Shortly thereafter, turn on the heating block to 200 Celsius, while 
continuing to purge the apparatus with argon. Once the temperature of the heating block reaches 90 to 120 Celsius, 
a cloudy gas of phosphoryl fluoride will begin to form. Continue to heat the reactants in the brass tube to 200 
Celsius until more phosphoryl fluoride condenses in the receiver flask as illustrated. Note: during the operation, the 
dry ice/acetone will have to be quickly replaced with fresh dry ice/acetone due to evaporation. The total time of 
reaction will vary on the grain size or mesh size of the reactants--a fine powdered mix will take about 6 hours. 
Now, once no more phosphoryl fluoride is collected in the receiver flask, turn off the heating block, and allow the 
remaining residue in the brass tube to cool to room temperature. Note: during the cool down period, you can turn 
off the argon gas purge. Finally, take the slushy mass of desired product of phosphoryl fluoride and store it in a 
liquid nitrogen Dewar flask until use, or you can pour into a pressure vessel, 1/3rd of the way up, and then sealed 
gas-tight with a pressure fixing housing (like a propane tank). 
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6. Thiophosphory] fluoride; Thiophosphorus oxy trifluoride; phosphorothioic 
trifluoride 


Thiophosphoryl fluoride forms a colorless transparent gas with a pungent, and acrid odor. The gas is easily 
liquefied at room temperature when subjected to a pressure of 13 ATMs. When subjected to a temperature of 0 
Celsius, the gas liquefies under a pressure of 7 to 8 ATMs. The liquid product is a colorless mobile liquid that 
reacts with moderate vigilance with moisture or water, and alcohol. Thiophosphoryl fluoride gas or liquid is rapidly 
decomposed by air, so it must be contained in the absence of air and moisture. It can be stored in pressure vessels 
with threaded closed valve systems similar to the idea of a propane or butane tank. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as intermediate): 5 Field Stability: 4 in moist environments; 9 in 
dry environments 
Persistence (open area): 5.5 | Storage stability: 9 (when kept dry) 
Persistence (enclosed area): 9 | Toxicity (as intermediate): 5.5 
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Into a special apparatus as illustrated below (prior, take 312 grams of dry Lead-I-fluoride and 95 grams of 
phosphorus pentasulfide and mix thoroughly in a blender to form a uniform powdered mix), place the Lead-IT- 
fluoride/phosphorus pentasulfide powdered mixture into the nickel tube, making sure to ensure an even flat 
dispersing over the nickel tube as illustrated. Thereafter, assemble the special apparatus, and then purge the entire 
apparatus with dry nitrogen gas at a flow rate of 120 mg per/minute, and at the same time turn on the pressure 
pump to 20 ATMs. Note: when the pressure inside the apparatus goes above 21 ATMs, the nitrogen gas vent 
release will activate releasing enough nitrogen gas to bring the pressure inside the apparatus back to 20 ATMs. 
Shortly thereafter, turn on the heating block to 220 Celsius, while continuing to purge the apparatus with nitrogen 
under 20 ATMs pressure. Once the temperature of the heating block reaches 110 to 130 Celsius, a cloudy gas of 
thiophosphoryl fluoride will begin to form. Continue to heat the reactants in the nickel tube to 220 Celsius until no 
more thiophosphoryl fluoride condenses in the receiver flask as illustrated. Note: The total time of reaction will 
vary on the grain size or mesh size of the reactants—a fine powdered mix will take about 3 hours. Now, once no 
more thiophosphoryl fluoride is collected in the receiver flask, turn off the heating block, and allow the remaining 
residue in the nickel tube to cool to room temperature. Note: during the cool down period, continue to purge the 
apparatus with nitrogen at its respective flow rate. Once the nickel tube has cooled to room temperature, quickly 
turn off the pressure pump and nitrogen gas purge, and equalize the pressure inside the apparatus to STP. 
Immediately thereafter, remove the receiver flask containing the desired liquefied slushy product of thiophosphoryl 
fluoride and store it ina dry ice/ether Dewar flask until use, or you can pour into a pressure vessel, 1/3" of the way 
up, and then sealed gas-tight with a pressure fixing housing (like a propane tank). 
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7, Phosphorus pentafluoride; pentafluoro-2’-phosphane 
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Phosphorus pentafluoride forms a colorless, choking, irritating gas at normal temperatures, and has a melting point 
of —83 Celsius, and a boiling point of -75 Celsius. The gas reacts with moisture in the air forming a fuming gas 
containing hydrogen fluoride, phosphine, and oxygen difluoride, the phosphine may ignite spontaneously forming 
an explosion, so the pentachloride should be kept dry under any means. The gas dissolves in water, with liberation 
of heat forming phosphoric and hydrofluoric acids, but phosphorus pentafluoride is considered relatively un- 
reactive towards most compounds; however, it does react with ammonia and nitrogen oxides forming complexes. 
The gas should be kept liquefied under pressure in a pressure vessel similar to the containment of propane or 
butane. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 4 Field Stability: 3.5 in moist environments; 9 in 
dry environments 
Persistence (open area): 6 Storage stability: 8 (when kept dry, may 


dissociate into the trifluoride and fluorine if 
exposed to prolonged sunlight and poor storage) | 
Persistence (enclosed area): 9.5 Toxicity (as intermediate): 7.5 
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Into an apparatus as illustrated below, pour 330 grams of pure dry arsenic trifluoride into the addition funnel as 
illustrated, and then pour 312 grams of phosphorus pentachloride into the reaction flask as illustrated. Then 
assemble the apparatus as illustrated. Now, turn on the motorized stirrer to high speed, and then slowly drip in the 
arsenic trifluoride into the reaction flask. Note: during the addition of the arsenic trifluoride a colorless fuming gas 
will form containing impurities that will be carried over with the desired gaseous product of phosphorus 
pentafluoride, but these impurities will be collected in the two traps as illustrated, and the desired gaseous product 
of phosphorus pentafluoride will carry over into the dry ice/acetone bath, in which it will liquefy and collect in the 
receiver flask as illustrated. Continue to slowly drip in the arsenic trifluoride into the reaction flask under rapid 
agitation, until all the arsenic trifluoride has been added. Once all the arsenic trifluoride has been added, quickly 
disassemble the apparatus, and pour the liquetied desired product of phosphorus pentafluoride slush into a pressure 
vessel, sealed by screw threaded valve (similar to a propane tank), and then store in a cool dry place. Note: Do not 
store the phosphorus pentafluoride for more then 6 months, as it will slowly disassociate into the trifluoride and 
fluorine, and the fluorine will attack the stainless steel walls of the pressure vessel. 
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8. Phosphonitrillic dichloride; dichloro(nitrilo)-A°-phosphane 
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Phosphonitrillic dichloride forms white glissning hygroscopic crystals, that are sensitive to moisture and water. The 
compound has a melting point of 55 to 61 Celsius, depending on purity, and has a boiling point of 109 Celsius 
under high vacuum (with partial decomposition). The crystals are toxic so wear gloves and proper safety gear when 
handling and avoid contamination and ingestion. Phosphonitrillic dichloride reacts readily, often with violence 
when mixed with water, but reacts with un-do violence when treated with alcohols. The compound is a rather 
interesting substance whereby a nitrogen atom is triple bonded to the central phosphorus atom. This makes way for 
a whole new classification of organphosphorus compounds for use in making experimental nerve agents with new 
and un-tested toxicity properties then the more common nerve agents already known, such as sarin, soman, tabun, 
and VX. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 6.5 (based on | Field Stability: 4.5 in moist environments; 9.5 
experimental data) in dry environments 

Persistence (open area): 7.5 Storage stability: 9.5 (when kept dry) 
Persistence (enclosed area): 9.5 Toxicity (as intermediate): 7.5 (ingestion) 
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Into a advanced apparatus as illustrated below, place 56 grams of finely powdered ammonium chloride into the 
powder addition funnel as illustrated, and then pour 219 grams of phosphorus pentachloride, and 1500 milliliters 
of dry tetrachloroethane, followed by 15 grams of anhydrous aluminum chloride into the reaction flask as 
illustrated. Thereafter, assemble the special apparatus, and then begin to pump cooling water into the lower short 
condenser, and up to the bulb condenser. Then turn on the motorized stirrer on high speed, and then begin to pass 
hot steam ranging from 110 to 130 Celsius into the outer jacket of the reaction flask as illustrated. Now, when the 
temperature of the reactants in the reaction flask reach around 80 to 90 Celsius at start up, begin to slowly drop in, 
in very small quantities at a time, the powdered ammonium chloride from the powder addition funnel. Immediately 
thereafter, turn on the vacuum pump to 230mm of Hg, and then continue to add in very small portions of the 
powdered ammonium chloride to the reaction mixture while rapidly stirring the reaction mixture and maintaining 
the steam jacket. The addition of the powdered ammonium chloride should take 2 hours. Note: after about 30 
minutes, the temperature of the reaction mixture will be between 120 to 130 Celsius. Once all the powdered 
ammonium chloride has been added, continue to reflux the reaction mixture for an additional 1 hour at a 
temperature of 120 to 130 Celsius under rapid stirring. Thereafter, turn off the steam, and allow the reaction 
mixture to cool to 90 Celsius. Note: during the partial cool down period, continue to rapidly stir the reaction 
mixture and maintain the vacuum of 230mm of Hg (to suck out the hydrogen chloride gas by-product). Once the 
reaction mixture has cooled to 90 Celsius, turn up the vacuum to 55mm of Hg, and allow the reaction mixture to 
cool to room temperature. Note: at first, some of the solvent, and un-reacted phosphorus pentachloride will be 
carried over by the vacuum. Now, once the reaction mixture has cooled to room temperature, turn off the vacuum 
pump, and equalize the pressure to STP. Thereafter, disassemble the apparatus. and pour the entire reaction mixture 
into a large beaker, and then pour in 750 milliliters of fresh diethyl ether, and then stir this new mixture for 1 
hour. After 1 hour, filter-off the insoluble solids using a Buchner funnel under suction, and then suction dry as best 
as possible. Finally, take the filtered-off solids, and add them to a beaker containing 3000 milliliters of carbon 
tetrabromide, and then stir for 1 hour at room temperature. At this point, the desired product will dissolve in the 
carbon tetrabromide, leaving behind the by-products of poly phosphonitrillic dichlorides, trimers, and tetra and syn- 
tetra phosphonitrillic dichlorides, and un-reacted ammonium chloride. Then, filter-off these insoluble by-products, 
using a Buchner funnel under high vacuum, and then pour the filtered carbon tetrabromide mixture into a rotary 
evaporator, and evaporate-off the carbon tetrabromide under high vacuum, and a temperature around 80 to 90 
Celsius. Once no more carbon tetrabromide passes over, turn off the rotary evaporator, and before the left over 
crystalline material cools below 70 Celsius, pour the molten desired product into 500 milliliters of pre-heated 
fresh diethyl ether, and then stir vigorously for | hour, and finally, filter-off the insoluble crystalline desired 
product of phosphonitrillic dichloride using a Buchner funnel, under high vacuum, and then wash with three 150- 
millilter portions of fresh isopropyl chloride, and then suction dry as best as possible. The final act includes 
baking the washed filtered-off desired product in an oven at 40 Celsius for 2 hours, after which, it will be 
completely dry and have a purity of around 98.9%. Then turn off the oven, and allow it to cool to room 
temperature, and then place the desired product of phosphonitrillic dichloride into an amber glass bottle, sealed 
airtight, and store in a desiccator over sodium hydride until use. 
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9, Phosphonitrillic difluoride; difluoro(nitrilo)-4°-phosphane 
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Phosphonitrillic difluoride forms a colorless, highly fuming gas at room temperature. The gas is toxic, and highly 
irritating to the eyes, nose, throat, and lungs. Inhalation of the gas is toxic, and acts as a blood agent, entering the 
blood stream, and attacking all vital organs in the body within minutes of inhalation. The gas has a melting point of 
-78 Celsius, and a boiling point of 17 Celsius. It reacts violently with water and alcohol forming hydrofluoric acid, 
and phosphorus nitrides, which undergo further hydrolyses forming ammonia and phosphorous acids. The 
compound is relatively insoluble in most organic solvents, and reacts with liquid ammonia forming phosphonitrillic 
diamine. Phosphonitrillic difluoride readily attacks glass, so it should be stored in nickel vessels in a freezer until 
use. Like the dichloride, phosphonitrillic difluoride is an interesting intermediate in the preparation of un-known 
and un-tested nerve agents with toxicities and physical properties un-related to the more common nerve agents 
already discussed. Note: phosphonitrillic difluoride should not be stored for more then 8 months, even when stored 
in a freezer, as partial polymerization slowly occurs on prolonged storage. It is best to use phosphonitrillic 
difluoride within 1 month of preparation. 


OVERALL RATING (scale from 1 to 10) 


experimental data) 


Effectiveness (as intermediate): 7.5 (based on | Field Stability: 5.5 in moist environments; 9.5 


in dry environments 


Persistence (open area): 8 


Storage stability: 9.5 (when kept dry) 


Persistence (enclosed area): 9.5 Toxicity (as intermediate): 8.5 (inhalation) 
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Into an advanced all nickel apparatus as illustrated below, place 82 grams of finely powdered ammonium 
bifluoride into the powder addition funnel as illustrated, and then pour 300 grams of phosphorus pentachloride, 
and 1500 milliliters of dry octane, followed by 15 grams of anhydrous aluminum chloride into the reaction 
flask as illustrated. Thereafter, assemble the special apparatus, and then turn on the motorized stirrer on high speed, 
and then turn on the heating mantle to 90 Celsius. Once the reaction flask contents reach 90 Celsius, begin to 
slowly drop in, in very small quantities at a time, the powdered ammonium bifluoride from the powder addition 
funnel. Immediately thereafter, turn on the vacuum pump to 250mm of Hg, and then continue to add in very small 
portions, the powdered ammonium bifluoride to the reaction mixture while rapidly stirring the reaction mixture and 
maintaining the temperature around 90 to 100 Celsius. The addition of the powdered ammonium bifluoride should 
take 2.5 hours. Note: after about 30 minutes, the temperature of the reaction mixture will be between 95 to 105 
Celsius. Once all the powdered ammonium bifluoride has been added, continue to heat the reaction mixture at a 
temperature of 90 to 105 Celsius for an additional 2 hours under rapid stirring, and under a vacuum of 250mm of 
Hg. Thereafter, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: 
during the cool down period, continue to rapidly stir the reaction mixture and maintain the vacuum of 250mm of 
Hg (to suck out the hydrogen chloride gas by-product). Once the reaction mixture has cooled to room temperature, 
turn up the vacuum to 105mm of Hg. Note: during the reaction, hydrogen chloride gas will be carried over by the 
vacuum, and the desired product of phosphonitrillic difluoride will be frozen to the dry ice condenser as illustrated. 
Note: during the reaction period, the dry ice will have to replaced with fresh dry ice due to evaporation. Now, once 
the reaction mixture has cooled to room temperature, turn off the motorized stirrer, but keep the vacuum at 105mm 
of Hg for an additional 2 hours. After 2 hours, turn off the vacuum pump, and equalize the pressure to STP. 
Thereafter, disassemble the apparatus, and then take the dry ice condenser and then allow the remaining dry ice to 
evaporate, and allow the frozen desired product of phosphonitrillic difluoride to melt into a liquid around -45 to -— 
35 Celsius (make sure the dry ice condenser is connected to a clean empty round bottom nickel flask to collect the 
liquid desired product as it melts). Now, once all the desired product of phosphonitrillic difluoride liquid at -45 to — 
35 Celsius has been collected, place it into a clean all nickel distillation apparatus fitted with bleed tube, and ice/salt 
bath around the receiver flask, and carefully distill the desired liquid product at 17 Celsius until no more desired 
product carries over into the receiver flask. Once this point is complete, stop the distillation, and then pour the 


liquid desired product, which will be at a temperature of —S to 5 Celsius into a suitable nickel vessel, and then seal 
it air-tight, and then place in a freezer, until use. 


powder addition funnel 


BRE — to vacuum pump 
powdered ammonium bifluoride : — | 


‘ £5 sodium hydroxide 
reaction flask containing Somntian 
octane and phosphorus 


pentachloride 


QS mercury 
10. Ethyl Phosphory! Chloride; Ethylphosphonic dichloride 
fe) 
\ we 
ea 
7 


HC 


2 


Ethyl phosphoryl chloride is a colorless, fuming, mobile viscous liquid with a boiling point of 72 Celsius at 12mm 
of mercury. It has a boiling point of 109 Celsius at 32mm of mercury, and a boiling point of 125 Celsius at 54mm 
of mercury. The melting point of the compound is unknown. Ethyl phosphoryl chloride is an excellent intermediate 
in the preparation of nerve agents, and it has remarkable properties. When poured into water, it sinks to the bottom, 
and then a vigorous reaction slowly begins. It reacts with alcohols forming addition products as will be seen in the 
preparation of nerve agents. Ethyl phosphoryl chloride is soluble in hexane, carbon tetrachloride, dimethyl 
sulfoxide, with slight solubility in ether, and tert-butyl chloride. It reacts violently with liquid ammonia, powdered 
metals, and strong reducing agents, but it reacts with un-do violence when treated with dry ammonia gas forming 
amine addition products. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 9 Field Stability: 4 in moist environments; 9.5 in 
dry environments 

Persistence (open area): 7.5 Storage stability: 9.5 (when kept dry) 

Persistence (enclosed area): 9.5 Toxicity (as intermediate): 5.5 (ingestion) 
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Step 1: Preparation of ethylphsosphine 


Into the reaction flask illustrated in the following drawing, place 1500 milliliters of dry hexane, followed by 10 
grams of anhydrous ferric chloride. Thereafter, pour in (pre-chilled) 207 grams of liquid ethyl chloride into the 
addition funnel as illustrated. Thereafter, purge the apparatus with dry nitrogen gas, turn on the motorized stirrer to 
high speed, then turn on the vacuum pump to 300mm of Hg, and then begin to pass in dry pure freshly prepared 
(and purified) phosphine gas at a flow rate of 150 mg per/minute while rapidly stirring the reaction mixture. 
Immediately thereafter, begin to drip in the liquid ethyl chloride from the addition funnel into the reaction flask at a 
moderate rate. Note: the complete addition of the liquid ethyl chloride is obligatory, and should only take about 15 
to 20 minutes. Once all the liquid ethyl chloride has been dripped into the reaction mixture, continue to pass in the 
phosphine gas at the respected flow rate until 109 grams of dry pure phosphine gas has been added. Continue to 
rapidly stir the reaction mixture during both additions. Note: maintain the salt/ice bath at —5 to 10 Celsius at all 
times. Now, once the all the phosphine gas has been added, continue to rapidly stir the reaction mixture, but remove 
the salt/ice bath, and allow the reaction mixture to warm to room temperature while maintaining a vacuum of 
300mm of Hg. Continue to stir the reaction mixture at room temperature under a vacuum of 300mm of Hg for 6 
hours. Note: during this 6 hour period, the desired product of ethylphosphine will pass over and be collected in the 
receiver flask as illustrated, As well, hydrogen chloride gas will pass over and will be collected in the vacuum trap 
(not illustrated). After 6 hours, turn off the vacuum pump, and equalize the pressure inside the apparatus to STP, 
turn off the motorized stirrer, and then disassemble the apparatus, and then remove the flask containing the liquid 
ethylphosphine, and pour it into a clean amber glass bottle sealed air-tight, and store in a freezer until use. 
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Step 2: Preparation of ethyl phosphory! chloride 


Into an advanced apparatus as illustrated in apparatus A, place 750 milliliters of dry hexane, followed by 100 
grams of boiling stones. Thereafter, pour in 199 grams of the liquid ethylphosphine (prepared in step 1) into the 
jacketed addition funnel as illustrated, and then pour 866 grams of dry sulfuryl chloride into the second addition 
funnel as illustrated. Thereafter, begin a nitrogen gas purge and turn on the motorized stirrer, and turn on the 
vacuum pump to 400mm of Hg. Immediately thereafter, begin to drip in the liquid ethylphosphine, and at the same 
time begin to drip in the sulfuryl chloride to the reaction flask. Note: the rate of addition should be that the 
ethylphosphine should be dripped into the reaction flask over a period of 15 minutes, and the addition of the 
sulfuryl chloride should take no more then 20 to 25 minutes. Note: during the addition of the ethylphosphine, and 
sulfuryl chloride continue to rapidly stir the reaction mixture and maintain it's temperature around —S to 0 Celsius 
using the ice bath at all times, and maintain a vacuum of 400mm of Hg. Once all the ethylphosphine and sulfuryl 
chloride has been added to the reaction mixture, continue to rapidly stir the reaction mixture under a vacuum of 
400m of Hg for about 2 hours. After 2 hours, turn off the vacuum, and equalize the pressure inside the apparatus to 
STP. Now, disassemble the apparatus, and then pour the entire reaction mixture into a standard reflux apparatus as 
shown in apparatus B, and then reflux the reaction mixture at 70 Celsius for 6 hours. After 6 hours, turn off the 
heating mantle, and allow the reaction mixture to cool to room temperature. Thereafter disassemble the reflux 
apparatus, and then filter-off the insoluble materials using a Buchner funnel under suction, and then pour the 
filtered reaction mixture back into the same 3-neck reflux flask, assembly apparatus C as illustrated, and then begin 
a nitrogen gas purge, and turn on the vacuum to 150mm of Hg at a temperature of 50 Celsius (to suck out the 
dissolved by-product gasses of hydrogen chloride and sulfur dioxide). Continue the vacuum distillation under mild 
stirring and a vacuum of 150mm of Hg for 4 hours (or until all the hexane has passed over). After 4 hours, turn of 


the nitrogen gas purge, turn off the heating mantle, turn off the vacuum pump, and equalize the pressure inside the 
apparatus to STP. Finally, as the remaining reaction mixture contents begin to cool, disassemble the apparatus, and 
then using the same 3-neck reaction flask, assemble apparatus D as illustrated, and then turn on the motorized 
stirrer to moderate speed, and then turn on the heating mantle to 72 Celsius, under a vacuum of 12mm of Hg, and 
then allow the desired product residue in the 3-neck flask to distill over and collect as illustrated. The time of 
distillation should take no more then 4 hours. Once no more product is obtained in the glass tube (surrounded by a 
warm water bath), turn off the heating mantle, and vacuum pump, and equalize the pressure slowly back to STP. 
Finally, pour the distilled purified desired product of ethyl phosphoryl chloride into a glass container sealed airtight 
and store in a cool dry place until use. 


~~~ sulfuryl chloride 
liquid ethylphiosphine : 


dry nitrogen gas in ~ 


——— to vacuum trap 
and pump 


50% sodiuni hydroxide 30% sodium carbonate 


Apparatus A 


water out 


dry nitrogen gas in 4 
> ay 


a < 


t 
{ Vh.,, to mercury manometer 


cold water in = to vacuum pump 
refluxed ——~} 

reaction 

reaction mixture__ mixture 
/ 
heating mantle (s) / 

OC, / 
(30 Celsius) / hexane ie ay 
saltice bath 


heating mantle 
(70 Celsius) 


Left: B apparatus; Right: C apparatus 


mereury | 


to merucry manometer 
and emergency reversed-vent 


————- 


bulb condenser 


(no water) ————~ to vacuum traps 


and vacuum 12mm 


reaction flask of Hg 
containing 
desired product 
~ 
= warm water bath ~ liquid ethyl 
> phosphoryl chloride 
heating mantle 
(72 Celsius) 
Apparatus D 
PREPARATION IL 
CH cl CH. cl 
3H5C ci _3Mg Daa ti 3PCl3 eo 
3) cH; diethyl ether “Hs Mg diethylether 28° i + 3MgCl> 
ethyl chloride © rd -20 Celsius Cl 
Sti’ ethylphosphonous dichloride 
filter 
remove ether 
distill 112 Celsius 
y 
i KCIO: CH, _Cl 
“oc ot = <—— 3H,c~ *p~ 
po distill 90 Celsius 23mm Hg ice bath | 
Zz stir 
307 \ = 
CH>-CH, 
ethylphosphonic dichloride 


Step 1: Preparation of ethyl magnesium chloride (Grignard reagent) 


Into an apparatus as illustrated below, place 1500 milliliters of dry pure diethyl ether, and then place the 
apparatus in an ice bath as shown. When the temperature of the ether has reached 0 Celsius, pour in (pre-chilled to 
—5 Celsius) 212 grams of ethyl chloride. Then, turn on the motorized stirrer, to moderate speed, and through the 
top of the funnel, slowly add, at 2 grams at a time, 80 grams magnesium turnings of 1.5 to 2mm length, while 
stirring the ether mixture and maintaining its temperature at 0 Celsius at all times. After the addition of the 
magnesium turnings, remove the funnel and replace it with a glass stopper and add a calcium chloride drying tube 
as illustrated, and then continue to stir the reaction mixture at 0 Celsius for | hour. 
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Step 2: preparation of ethylphosphonous dichloride 


Using the apparatus from step |: containing the Grignard reaction mixture, replace the glass tube w/stopper with an 
addition funnel, and then replace the calcium chloride drying tube with a gas adapter as shown in the following 
illustration. Thereafter, remove the ice bath, and quickly replace it with a dry ice/acetone bath composed of 20 
parts dry ice to 80 parts acetone. Thereafter, pour into the addition funnel 323 grams of dry pure phosphorus 
trichloride (free from impurities). Once the Grignard reaction mixture reaches a temperature of about -20 Celsius, 
turn on the motorized stirrer, to high speed, and then slowly drip in, the phosphorus trichloride into the Grignard 
reaction mixture over a period of 45 minutes. Once all the phosphorus trichloride has been added, continue to 
rapidly stir the reaction mixture at a temperature of -20 to 0 Celsius for 4 hours. Note: during the addition of the 
phosphorus trichloride and during the 4 hour time period, more dry ice will have to added due to evaporation. After 
4 hours, remove the dry ice/acetone bath, and allow the reaction mixture to warm to room temperature. Note: 
during this time period, turn off the motorized stirrer and allow the reaction mixture to settle for | hour, After | 
hour, disassemble the apparatus, and then filter-off the insoluble magnesium chloride by-product using a dry 
Buchner funnel under suction. Thereafter, place the filtered reaction mixture into a standard distillation apparatus, 
and distill-off the ether at 40 Celsius. When no more ether passes over and is collected in the receiver flask, stop the 
distillation process, and allow the remaining reaction mixture to cool to room temperature. Finally, place the 
remaining reaction mixture (after removal of the ether) into a clean dry standard fractional distillation apparatus 
(fitted with nitrogen gas inlet tube), and distill the desired product of ethylphosphonous dichloride at 112 Celsius 
under an atmosphere of dry nitrogen. When no more desired product is collected, stop the distillation, and then 
place the collected distilled ethylphosphonous dichloride into an amber glass bottle, sealed air-tight, and the place 
in a cool dry place until use for step 3. 
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Step 3: Preparation of ethyl phosphoryl! chloride 


Into a 3-neck flask equipped with motorized stirrer, ice bath, thermometer, and funnel, place the ethylphosphonous 
dichloride prepared in step 2, and then allow this product to chill to 0 Celsius. Once the ethylphosphonous 
dichloride has chilled to 0 Celsius, turn on the motorized stirrer, and then slowly add at 2 grams per portion, 96 
grams of potassium chlorate while rapidly stirring the reaction mixture, and maintaining the reaction mixtures 
temperature around 0 to 10 Celsius at all times. Note: the addition of the potassium chlorate can be quite vigorous 
so use caution. Once all the potassium chlorate has been added, continue to stir the reaction mixture, but remove 
the ice bath, and allow the reaction mixture to warm to room temperature. Once the reaction mixture has warmed to 
room temperature, disassemble the simple apparatus, and then filter-off the insoluble potassium chloride by-product 
using a Buchner funnel under suction. Thereafter, place the filtered reaction mixture into a clean vacuum 
distillation apparatus, and distill the desired product of ethyl phosphoryl chloride at 90 Celsius under a vacuum of 
23mm of mercury. When no more desired product distills over, stop the distillation process, and then place the 
desired product of ethyl phosphoryl chloride into a glass container, sealed air-tight and then store in a cool dry 
place until use. 
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Into a 3-neck flask, equipped with motorized stirrer, addition funnel, thermometer, and cold-water bath, place 317 
grams of dry pure phosphorus trichloride, followed by 307 grams of anhydrous aluminum chloride. 


Thereafter, turn on the motorized stirrer to high speed, and then into the addition funnel (equipped with salt/ice 
cooling jacket), place 149 grams of pre-chilled ethyl chloride. Now, begin to drip into the reaction mixture the 
ethyl chloride over a period of 45 minutes while stirring the reaction mixture and maintaining its temperature 
around room temperature. Once all the ethyl chloride has been added, continue to stir the reaction mixture, which 
will contain a ethyl/phosphorus tetrachloride trichloroaluminate complex at room temperature for about | hour. 
After 1 hour, replace the addition funnel that previously contained the ethyl chloride, and replace it with a clean 
standard addition funnel, and then place 41.5 grams of distilled water into this addition funnel, and then place the 
3-neck reaction flask into a dry ice/acetone bath composed of 20 parts dry ice and 80 parts acetone, and then 
allow the ethyl/phosphorus tetrachloride trichloroaluminate complex reaction mixture to chill to -20 Celsius. Once 
it has, begin to slowly drip in the distilled water over a period of 2 hours, while rapidly stirring the reaction mixture 
complex and maintaining its temperature at -20 to —5 Celsius at all times. Once all the distilled water has been 
added, remove the dry ice/acetone bath, and allow the reaction mixture to warm to room temperature. Note: during 
the warming process, continue to rapidly stir the reaction mixture. Once the reaction mixture has warmed to room 
temperature, disassemble the apparatus, and then filter-off the insoluble aluminum chloride, and by-product using a 
clean dry Buchner funnel under suction. Thereafter, place the filtered reaction mixture into a clean standard 

vacuum apparatus such as a rotary evaporator, and remove the dissolved hydrogen chloride gas by-product under a 
vacuum of 150mm of mercury at 50 Celsius. When no more hydrogen chloride gas is seen being removed, turn off 
the vacuum, and heating source, and then open the rotary evaporator, and place the left over remaining residue 
liquid into a vacuum distillation apparatus and distill the desired product of ethyl phosphoryl chloride at 90 Celsius 
under a vacuum of 23mm of Hg. When no more desired product distills over, stop the distillation process, and then 
place the desired product of ethyl phosphoryl chloride into a glass container, sealed airtight and then store in a cool 
dry place until use. 
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Ethyl thiophosphoryl chloride forms a colorless to light amber viscous liquid depending on purity, with a boiling 
point of 171.6 Celsius at 760mm of mercury. The melting point has not been defined exactly, but ranges between 
12 to 19 Celsius depending on purity, and other conditions. The viscous liquid can be distilled under vacuum at 90 
Celsius and 23mm of mercury. Ethyl thiophosphoryl chloride is soluble in a select few solvents such as hexane, 
methylene chloride, and dimethylsulfoxide, but is insoluble in most solvents, including water from which when 
first added to water, it sinks to the bottom, and then begins to react with the water vigorously. The compound is 
relatively safe to handle and deal with, as it has a low toxicity, and is less irritating to the eyes, nose, and throat 
compared to the other intermediates; however, ingestion can cause ulceration, vomiting, and irritable bowl 
syndrome. Ethyl thiophosphoryl chloride reacts with alcohols forming addition compounds as expected, and it 
reacts with hydrosulfides, and ammonia forming the corresponding addition products. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 8.5 Field Stability: 5 in moist environments; 9.5 in 
dry environments 

Persistence (open area): 8 Storage stability: 9.5 (when kept dry) 

Persistence (enclosed area): 9.5 Toxicity (as intermediate): 5 (ingestion) 
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Into the reaction pressure vessel, place 81 grams of diethyl sulfide, followed by 14.4 grams of yellow 
phosphorus, and then followed by 128 grams of phosphorus trichloride. Thereafter. seal the pressure vessel to 
2,000 psi, and then turn on the heater to 300 Celsius. Heat the ingredients in the reaction pressure vessel for 12 
hours at 300 Celsius. After about 12 hours, turn off the heat, and allow the temperature inside the pressure vessel to 
cool to room temperature. Once the contents inside the pressure vessel have cooled to room temperature, place the 
reaction pressure bomb into a well ventilated area such as a fume hood, and then slowly vent the pressure vessel. 
Note: use extreme caution when venting the pressure vessel, as gaseous products can evolve at super fast velocities. 
Now, once the pressure vessel has been vented, open it up. and filter-off the insoluble impurities using a clean dry 
Buchner funnel under strong suction. Thereafter, wash these filtered-off impurities with three 250-milliliter 
portions of hexane, and then combine all three washing portions if not already done so. Thereafter, add the hexane 
washings to the filtered reaction mixture, and then place this combined mixture into a distillation apparatus as 
illustrated, and then turn on the motorized stirrer and distill the mixture at 172 Celsius. Note: the desired product of 
ethyl thiophosphoryl chloride has a boiling point of 172 Celsius at 760mm of mercury. If desired, the collected 
fraction of the desired product of ethyl thiophosphoryl chloride can be re-distilled using a clean fractional 
distillation apparatus at 171.6 Celsius. 


reaction ingredients 


heater 


low boiling components 
> ge and gases out 


Pc on 


hexane-—~ 


\ 
Mae) 
_____sthiophosphoryl chloride 
res and phosphorus 


Me trichloride 


ethyl thiophosphory!| chloride im & \ 
(desired product) a Age 


diethylphosphinothioic chloride 
fraction 


heating mantle 
172 Celsius 


12. Ethyl phosphoryl fluoride; Ethylphosphonic difluoride 
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Ethyl phosphoryl fluoride forms a colorless, transparent, water-white free flowing liquid with a boiling point of 80 
Celsius under 95mm of mercury, and a melting point ranging from —S to 21 Celsius depending on purity. The liquid 
is much more toxic then its chloride counterpart, and should be handled with care. The liquid readily hydrolyzes in 
moisture, and reacts vigorously often with violence in contact with water. Ethyl phosphoryl fluoride reacts with 
alcohols and ammonia in the usual manner forming the corresponding addition products, also with hydrosulfides. 


The compound is only slightly soluble in hydrocarbon solvents such as hexane or octane, but is moderately soluble 
in methylene chloride. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 7 Field Stability: 3.5 in moist environments; 9 in 
dry environments 

Persistence (open area): 5.5 Storage stability: 9 (when kept dry) 

Persistence (enclosed area): 8 Toxicity (as intermediate): 8.5 (ingestion) 
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Into a standard reflux apparatus fitted with powder addition funnel as illustrated below, place 1500 milliliters of n- 
octane, and 109 grams of ethyl phosphoryl chloride, and then turn on the motorized stirrer to high speed, and 
turn on the heating mantle to 130 Celsius. Once the heating mantle has been turned on, place 63 grams of finely 
ground, powdered sodium fluoride into the powder addition funnel as illustrated. Now, once the contents in the 
reaction flask begin to boil, and reflux, begin to slowly add in the sodium fluoride over a period of 45 minutes 
while rapidly stirring the reaction mixture and maintaining its reflux temperature at 130 Celsius. Once all the 
sodium fluoride has been added, continue to reflux the reaction mixture under rapid stirring for 2 hours. After 2 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the 
cool down period, continue to rapidly stir the reaction mixture. Once the reaction mixture has cooled to room 
temperature, stop the stirring, and then disassemble the apparatus, and then filter-off the insoluble by-product 
sodium chloride using a clean dry Buchner funnel under suction. Thereafter, place the filtered reaction mixture into 
a standard distillation apparatus, and distill off the octane at 130 Celsius at 760mm of mercury, until no more 
octane passes over. Once no more octane passes over, stop the distillation process, and allow the remaining liquid 
residue left in the distillation flask to cool to room temperature. Once it has, pour the left over liquid residue into a 
clean vacuum distillation apparatus, and distill over the desired product of ethyl phosphoryl fluoride at 80 Celsius 
under 95mm of mercury vacuum until no more desired product distills over. Once no more product distils over, 
stop the distillation, and equalize the pressure inside the apparatus to STP. Thereafter, place the desired collected 
distillate of ethyl phosphoryl fluoride into an amber glass bottle, sealed airtight, and store in a cool dry place until 
use. 
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13. Ethyl] thiophosphory] fluoride; Ethylphosphonothioic difluoride 


Ethyl thiophosphoryl fluoride forms a colorless, transparent, water-white to slightly amber free flowing liquid with 
a boiling point of 130 Celsius under 550mm of mercury, with a undetermined melting point. The liquid is much 
more toxic then its chloride counterpart, and should be handled with care. The liquid readily hydrolyzes in 
moisture, forming hydrogen fluoride gas, when added to a glass of water, it first sinks to the bottom, and then 
begins to react violently with the water. Ethyl thiophosphoryl fluoride reacts with alcohols and ammonia in the 
usual manner forming the corresponding addition products, also with hydrosulfides. The compound is only slightly 
soluble in hydrocarbon solvents such as hexane or octane, but is relatively insoluble in most organic solvents. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 6 


Field Stability: 3 in moist environments; 8.5 in 
dry environments 


Persistence (open area): 5 


Storage stability: 9 (when kept dry) 


Persistence (enclosed area): 7.5 


Toxicity (as intermediate): 8 (ingestion), 9 
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Into a standard reflux apparatus (as with the preparation of ethyl phosphoryl fluoride) fitted with powder addition 
funnel as illustrated below, place 1500 milliliters of n-octane, and 123 grams of ethyl thiophosphoryl chloride, 
and then turn on the motorized stirrer to high speed, and turn on the heating mantle to 130 Celsius. Once the 
heating mantle has been turned on, place 64 grams of finely ground, powdered sodium fluoride into the powder 
addition funnel as illustrated. Now, once the contents in the reaction flask begin to boil, and reflux, begin to slowly 
add in the sodium fluoride over a period of 45 minutes while rapidly stirring the reaction mixture and maintaining 
its reflux temperature at 130 Celsius. Once all the sodium fluoride has been added, continue to reflux the reaction 
mixture under rapid stirring for 2 hours. After 2 hours, turn off the heating mantle, and allow the reaction mixture 
to coo to room temperature. Note: during the cool down period, continue to rapidly stir the reaction mixture. Once 
the reaction mixture has cooled to room temperature, stop the stirring, and then disassemble the apparatus, and then 
filter-off the insoluble by-product sodium chloride using a clean dry Buchner funnel under suction. Thereafter, 
place the filtered reaction mixture into a standard distillation apparatus, and distill off the octane at 130 Celsius at 
760mm of mercury, until no more octane passes over. Once no more octane passes over, stop the distillation 
process, and allow the remaining liquid residue left in the distillation flask to cool to room temperature. Once it has, 
pour the left over liquid residue into a clean vacuum distillation apparatus, and distill over the desired product of 
ethyl thiophosphory! fluoride at 130 Celsius under 560mm of mercury vacuum until no more desired product 
distills over. Once no more product distils over, stop the distillation, and equalize the pressure inside the apparatus 
to STP. Thereafter, place the desired collected distillate of ethyl thiophosphoryl fluoride into an amber glass bottle, 
sealed airtight, and store in a cool dry place until use. 
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14. Diethyl phosphoryl chloride; diethylphosphinic chloride 
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Diethyl phosphoryl chloride forms white glistening to slightly amber colored prismatic crystals with a melting point 
of 71 to 91 Celsius, and a boiling point 220 to 235 Celsius at 760mm of mercury. The compound is insoluble in 
most organic solvents, but has moderate solubility in DMSO, ethyl acetate, and methylene chloride. The dry solid, 
when added to water, sinks to the bottom, and then begins to slowly react with water with increase heat, and 
corresponding increase in hydrolyses as heat increases. The compound also reacts with alcohols (free from water) 
forming esters, and it reacts with ammonia gas under moderate temperatures forming amine addition products. 


OVERALL RATING (scale from 1 to 10) 
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Step 1: preparation of diethyl phosphine 


Into apparatus AP A, pour in 750 grams of liquid ammonia, followed by 180 grams of ethyl phosphine. 
Thereafter, begin a nitrogen gas purge, and then turn on the motorized stirrer, and maintain the temperature of the 
liquid ammonia/ethyl phosphine at 40 Celsius at all times. Then, begin to add, in 500 mg portions at a time, fresh 
metallic sodium while vigorously stirring the reaction mixture and maintaining its temperature at -40 Celsius. 
Note: during the addition of the metallic sodium, the liquid ammonia reaction mixture will turn blue. Continue to 
add the metallic sodium until approximate 67 grams has been added. After the addition of the metallic sodium 
continue to stir the reaction mixture at a temperature of 40 Celsius for 1 hour. Note: the blue color will disappear, 
noting the reaction is complete. After stirring for 1 hour, turn off the motorized stirrer, and then quickly 
disassemble the apparatus, and then pour the entire reaction mixture into a rotary evaporator under nitrogen, and 
allow the ammonia to evaporate-off collecting it in a dry ice cold trap so it can be recycled for another run. Once all 
the liquid ammonia has been removed, and dry solid remains, turn off the rotary evaporator, and recover the dry 
solid that remains. This dry solid will be the desired product of sodium ethyl phosphine. Now, assemble the 
apparatus AP B, as illustrated below, and then pour in 187 grams of pre-chilled liquid ethyl chloride, and then 
turn on the motorized stirrer to high speed, and then begin a nitrogen gas purge. Note: while assembling AP B, and 
adding in the ethyl chloride, keep the previously prepared product of sodium ethyl phosphine stored in a desiccator 
over sodium hydride until use. Now, to AP B, using the cooling baths, make sure the ethyl chloride is chilled to 40 
Celsius at all times; then, begin to add the product of sodium ethyl phosphine, in 1 gram portions at a time, to the 
ethyl chloride reaction mixture while vigorously stirring this reaction mixture and maintaining its temperature at — 
40 Celsius. Note: the addition of the sodium ethyl phosphine should take around 2 hours. Once all the sodium ethyl 
phosphine has been added, continue to stir the reaction mixture at —40 Celsius for 4 hours. Now, after stirring for 4 
hours, turn off the motorized stirrer, remove the cooling baths, and allow the reaction mixture to warm to room 
temperature. Once it has, disassemble the apparatus, and then setup AP C, and then disassemble the previous 
apparatus, and pour the entire contents of the reaction mixture (once it has warmed to room temperature) into AP C, 
as illustrated, and then pour in 700 milliliters of distilled water into the addition funnel as illustrated. Then, turn 
on the motorized stirrer to moderate speed, and then begin to slowly drip in, the distilled water from the addition 
funnel. The addition of the distilled water should take no more then 1 hour. Once all the distilled water has been 


added, remove the cold-water bath, and then continue to stir the reaction mixture for | hour. After stirring for I 

hour, turn off the motorized stirrer and allow the reaction mixture to settle and stand for 2 hours, in which a two- 
phase mixture will result. Now, disassemble the apparatus, and then pour the entire two-phase reaction mixture into 
a large separatory funnel, allow it to stand for 30 minutes, and then drain-off the bottom water layer. Then collect 
the remaining liquid (the upper phase), and then pour it into a suitable beaker. Then add in 75 grams of anhydrous 
sodium sulfate, stir for 30 minutes, and then filter-off the sodium sulfate using a Buchner funnel under suction, and 
then pour the filtered liquid into a standard clean distillation apparatus, and distill at 85 Celsius until no more liquid 
passes over. When no more liquid passes over or is collected in the receiver flask, stop the distillation, and then 
collect the desired product of diethylphosphine, and then place it in a clean-stoppered bottle and save for step 2. 
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Double apparatus setup for the addition of ethyl chloride. Left illustration: AP A, addition of metallic sodium to ethyl 
phosphine. AP B, Right illustration: set-up for addition of ethyl chloride. 
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AP C, Apparatus for the addition of cold water to reaction mixture after the reaction of sodium ethyl 
phosphine and ethyl chloride. 


Step 2: preparation of diethylphosphinous chloride 


Set-up the apparatus AP D as illustrated below, and then pour in 750 milliliters of methylene chloride, and then 
add in the diethylphosphine product obtained in step 1. Thereafter, turn on the motorized stirrer, and then begin a 
nitrogen gas purge. Then, turn on the heating mantle to 40 to 50 Celsius, and when the reaction mixture reaches 40 
to 50 Celsius under reflux, begin to bubble in dry chlorine gas at a flow rate of 500 mg per/minute while rapidly 
stirring the reaction mixture and maintaining its temperature around 40 to 50 Celsius. Continue to pass in the dry 
chlorine gas until 132 grams of dry chlorine has been added, stirring rapidly and maintaining the reaction 
mixtures temperature around 40 to 50 Celsius at all times. Now, once all the chlorine has been added, turn off the 
heating mantle, stop the nitrogen gas purge, and allow the reaction mixture to cool to room temperature. Note: 
continue to stir the reaction mixture during the cool down period. Once the reaction mixture has cooled to room 
temperature, disassemble the apparatus, and then pour the entire reaction mixture into apparatus AP E (vacuum 
apparatus). Now, while maintaining the reaction mixture around —5 to 0 Celsius via a ice/salt bath, turn on the 
vacuum pump to 50mm of Hg, and maintain this vacuum for 2 hours (to suck out the dissolved hydrogen chloride 
by-product). After 2 hours, most of the hydrogen chloride by-product should have been removed; therefore, turn off 
the vacuum, and then disassemble the apparatus, and then pour the entire reaction mixture into a clean standard 
distillation apparatus, and distill the desired product of diethylphosphinous chloride at 134 Celsius until no more 
desired product distills over or is collected in the receiver flask. Once no more desired product is collected, stop the 
distillation process, and then collect the desired product from the receiver flask, and then store it in a sealed flask in 
a desiccator over sulfuric acid until use for step 3. 
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Left illustration: AP D, preparation of diethylphosphinous chloride. Right illustration: AP E, vacuum set-up 
to remove hydrogen chloride gas by-product. 


Step 3: preparation of diethylphosphory! chloride 


Set-up apparatus AP F, and then pour in the diethylphosphinous chloride prepared in step 2, and then turn on the 
motorized stirrer, and then slowly and carefully, add in, in 500 mg portions at a time, 107 grams of potassium 
chlorate while rapidly stirring the reaction mixture and maintaining its temperature below 40 Celsius at all times. 
Once all the potassium chlorate has been added, continue to stir the reaction mixture until its temperature cools to 
room temperature. Once it has, disassemble the apparatus (with the exception of the motorized stirrer), and then to 
the 3-neck reaction flask with motorized stirrer in place, pour in 1500 milliliters of dry methylene chloride, and 
then stir this new mixture for 2 hours at a temperature of 30 to 40 Celsius. After stirring for 2 hours, remove the 
motorized stirrer, and then filter the mixture while still warm using a clean suitable sized Buchner funnel under 
moderate suction (to remove the insoluble potassium chloride by-product). Thereafter, place the filtered methylene 
chloride mixture into a rotary evaporator, and remove the methylene chloride at 40 Celsius until dry solid remains. 
When dry solid remains (will be the crude desired product of diethylphosphoryl chloride), turn off the rotary 


evaporator, and then recover the desired crude product. Finally, place this recovered desired product into a standard 
vacuum distillation apparatus, and distill at 120 Celsius under a high vacuum of 19mm of Hg until no product 
distills over. When no more product distills over or is collected, stop the vacuum distillation process, and 
disassemble the vacuum distillation apparatus, and then take the receiver flask, which will contain a solidified 
product of diethylphosphoryl chloride, and heat it to 92 Celsius, to melt the desired product, and once all the 
product is molten, pour it into a stainless steel crucible under argon gas, and then allow it to cool to room 
temperature. Once it has, using any desired means, crush the re-solidified desired product into a powder, and then 
place into an airtight container and store in a cool dry place until use. 
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15. Diethyl thiophosphoryl chloride; diethylphosphinothioic chloride 
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Diethyl thiophosphoryl chloride forms a transparent, water-white glassy solid that may have an orange tint, with a 
melting point ranging from 78 to 109 Celsius depending on purity and method of preparation, and a boiling point of 
227 Celsius at 723mm of mercury, and a boiling point of 99 Celsius under a vacuum of 10mm of mercury. The 
solid is soluble in DMSO, methylene chloride, and carbon disulfide, but insoluble in all other solvents. With water, 
the solid first sinks to the bottom, and only slowly begins to react with water with a continuation of only a slight 
moderate reaction with the water over time with no increase in temperature; however, diethyl thiophosphoryl 
chloride reacts readily with alcohols at moderate temperatures forming ester addition products. The compound also 
reacts with primary and secondary amines forming the corresponding addition products. 


OVERALL RATING (scale from 1 to 10) 
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diethylphosphinothioic chloride 


Into the first apparatus as illustrated in the following, place 228 milliliters of thiophosphoryl chloride, followed 
by 500 milliliters of dry hexane and then begin a nitrogen gas purge. Thereafter, using a nitrogen dry box to 
exclude oxygen and moisture, prepare a solution by adding and dissolving 34.2 grams of triethyl aluminum into 
250 milliliters of dry hexane. Then pour this mixture into the addition funnel as illustrated. Now, keep the heating 
mantle off for the time being, and then turn on the motorized stirrer, and then begin to slowly drip in the triethyl 
aluminum/hexane solution into the reaction mixture under rapid stirring. As the triethyl aluminum/hexane solution 
is added, the reaction mixtures temperature will begin to rise, so add the triethyl aluminunyhexane solution slowly 
at a point that reaction mixtures temperature does not exceed 50 Celsius. Once all the triethyl aluminum/hexane 
solution has been added, continue to stir the reaction mixture until its temperature cools to room temperature, then 
continue to stir at this temperature for 30 minutes under nitrogen. After 30 minutes, turn on the heating mantle to 
80 Celsius, and bring the reaction mixture to reflux under constant stirring while maintaining the nitrogen gas 
purge. Continue to stir the reaction mixture under reflux at 80 Celsius for 2 hours. After 2 hours, stop the nitrogen 
gas purge, and turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Now, once 
the reaction mixture has cooled to room temperature, disassemble the apparatus, and then pour the reaction mixture 
onto large chunks of very cold ice —S Celsius (pre-prepared), and then allow the ice to slowly melt. Immediately 
once the ice has melted, a two-phase mixture will result. Then quickly pour the entire two-phase mixture into a 
separatory funnel, and then drain-off the bottom organic layer, leaving the upper water layer, which can be 
discarded. Now, to this drained off lower organic layer, pour it into a clean beaker if not already done so, and then 
add in 50 grams of anhydrous sodium sulfate to absorb water, stir for 30 minutes, and then filter off the sodium 
sulfate using a Buchner funnel under suction. Then, pour the filtered dried organic layer into the special advanced 
high vacuum distillation apparatus as illustrated in the second illustration, and then vacuum distill this organic 
phase at 125 Celsius under a vacuum of 33mm of mercury until no more desired product of diethyl thiophosphoryl 


chloride collects in the first receiver flask as shown in the second illustration. Note: during the vacuum distillation 
apparatus other products will distill over as shown in the illustration, and a fourth product, being triethylphosphane 
sulfide, (CH;CH2)3PS, which will remain in the distillation flask. Note: the excess un-reacted thiophosphoryl 
chloride collected can be recycled for another run. Now, once no more desired product of diethyl thiophosphoryl 
chloride is collected, turn off heating mantle, and the vacuum pump and equalize the pressure inside the apparatus 
to STP, and then recover the receiver flask containing the desired product of diethyl thiophosphoryl chloride, and 
heat it to 120 Celsius to melt the desired solid product, and then pour this molten mass into a nickel crucible, and 
then allow it to cool to room temperature. Finally, pulverize this solidified desired product using any desired means 
into a powder, and then store in a air-tight container in a cool dry place until use. 
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16. Diethyl phosphoryl] fluoride; diethylphosphinic fluoride 


Diethyl pono fluoride forms a yellowish, to slightly yellowish orange glassy solid, with a melting point 
ranging from 32 to 40 Celsius depending on purity and method of preparation. Note: no exact melting point has not 
been calculated for this compound. The compound can be distilled at 102 Celsius at 44mm of mercury. The solid is 
soluble in carbon disulfide, methylene chloride, and slightly soluble in hexane, and ethyl acetate. The solid is more 
reactive towards water then its chloride counter part, and when first added to water, it floats on the surface and 
begins to react with water immediately, forming hydrofluoric acid vapors, which tend to rise up and fill the room. 
Diethyl phosphoryl fluoride reacts with alcohols in the usual manner forming ester addition products, and it reacts 
with primary and secondary amines, forming complex products. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 6.5 Field Stability: 4 in moist environments; 9 in 
dry environments 

Persistence (open area): 5.9 Storage stability: 9.5 (when kept dry) tends to 
polymerize on prolonged storage if not 
stabilized. 

Persistence (enclosed area): 9 Toxicity (as intermediate): 5.5 (ingestion), 7.5 
(inhalation) 
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Into a standard reflux apparatus fitted with motorized stirrer, thermometer, and reflux condenser, pour in 750 
milliliters of dry methylene chloride, and then add in, all at once, 124 grams of diethyl phosphoryl chloride, 
and then begin passing cold water into the outer jacket of the reflux condenser, and then turn on the motorized 
stirrer to high speed. Thereafter, turn on the heating mantle to 76 Celsius, and bring the reaction mixture to reflux. 
Once the reaction contents begin to reflux, add in, in small portions at a time (through the top of the reflux 
condenser), powdered sodium fluoride over a period of 45 minutes while rapidly stirring the reaction mixture and 
maintaining a reflux at 76 Celsius until 37 grams of sodium fluoride has been added. Once all the sodium fluoride 
has been added, continue to reflux the reaction mixture at 76 Celsius under rapid agitation for 3 hours. After 3 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the 
cool down period continue to rapidly stir the reaction mixture as usual. Once the reaction mixture has cooled to 
room temperature, disassemble the reflux apparatus, and then filter-off the insoluble impurities using a clean 
Buchner funnel under high suction. Thereafter, pour the filtered reaction mixture into a rotary evaporator, and 
remove the solvent under mild vacuum and at a temperature of 35 Celsius until dry solid remains. Once dry solid 
remains, stop the evaporation process, and then recover the left over residue from the rotary evaporator, and place 
this left over residue containing the crude desired product of diethyl phosphoryl fluoride into a standard vacuum 
distillation apparatus as illustrated in the following, and distill the residue at 102 Celsius under a vacuum of 44mm 
of mercury until no more product distills over or is collected in the receiver flask. Note: the distillation should take 
about | hour. Thereafter, turn off the vacuum, equalize the pressure inside the apparatus to STP, and then 
disassemble the apparatus, and then take the receiver flask, which will contain the desired product of diethyl 
phosphoryl fluoride stuck to the walls of the receiver flask, and then gently heat this receiver flask to 40 Celsius to 
melt the desired product. Once the product is molten, pour into a nickel crucible, and allow it to solidify; thereafter, 
crush it in to a powder, and then place this powder in a glass jar and store in cool dry place until use. 
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17. Diethyl thiophosphory] fluoride; diethylphosphinothioic fluoride 


Diethyl thiophosphoryl fluoride forms a pinkish, yellowish, orange-white or slightly reddish-yellow amber glassy 
solid with a melting point of 42 to 53 Celsius, depending on purity and method of preparation. Note: some 
tantiomers exist, and an alpha, beta, and gamma are known, but the alpha predominates and is the predominant 
form that is prepared in this procedure. Diethyl thiophosphoryl fluoride can be distilled at 113 Celsius under a 
vacuum of 28mm of mercury. The solid is readily soluble in carbon disulfide, with moderate solubility in 
methylene chloride, hexane, and liquid sulfur dioxide. The solid, when added to water, very slowly sinks to the 
bottom, and then a vigorous, yet slow forming reaction begins, with complete hydrolyses occurring in a short 
period with increase in temperature. The compound as usual, reacts with alcohols and primary and secondary 
amines forming the corresponding esters, and amine complexes. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as intermediate): 5 Field Stability: 5.5 in moist environments; 9.8 
in dry environments 
Persistence (open area): 6.5 Storage stability: 9.8 (when kept dry) tends to 
polymerize on prolonged storage if not 
stabilized. 
Persistence (enclosed area): 9.8 Toxicity (as intermediate): 5 (ingestion), 6.5 
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diethylphosphinothioic fluoride 


Into a standard reflux apparatus fitted with motorized stirrer, thermometer, and reflux condenser, pour in 750 
milliliters of dry carbon disulfide, and then add in, all at once, 149 grams of diethyl thiophosphoryl chloride, 
and then begin passing cold water into the outer jacket of the reflux condenser, and then turn on the motorized 
stirrer to high speed. Thereafter, turn on the heating mantle to 85 Celsius, and bring the reaction mixture to reflux. 
Once the reaction contents begin to reflux, add in, in small portions at a time (through the top of the reflux 
condenser), powdered sodium fluoride over a period of 45 minutes while rapidly stirring the reaction mixture and 
maintaining a reflux at 85 Celsius until 40 grams of sodium fluoride has been added. Once all the sodium fluoride 
has been added, continue to reflux the reaction mixture at 85 Celsius under rapid agitation for 3 hours. After 3 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the 
cool down period continue to rapidly stir the reaction mixture as usual. Once the reaction mixture has cooled to 
room temperature, disassemble the reflux apparatus, and then filter-off the insoluble impurities using a clean 
Buchner funnel under high suction. Thereafter, pour the filtered reaction mixture into a rotary evaporator, and 
remove the solvent under mild vacuum and at a temperature of 42 Celsius until dry solid remains. Once dry solid 
remains, stop the evaporation process, and then recover the left over residue from the rotary evaporator, and place 
this left over residue containing the crude desired product of diethyl thiophosphoryl fluoride into a standard 

vacuum distillation apparatus as illustrated in the following, and distill the residue at 113 Celsius under a vacuum 
of 28mm of mercury until no more product distills over or is collected in the receiver flask. Note: the distillation 
should take about 1.3 hours. Thereafter, turn off the vacuum, equalize the pressure inside the apparatus to STP, and 
then disassemble the apparatus, and then take the receiver flask, which will contain the desired product of diethyl 
thiophosphoryl fluoride stuck to the walls of the receiver flask, and then gently heat this receiver flask to 55 Celsius 
to melt the desired product. Once the product is molten, pour into a nickel crucible, and allow it to solidify; 
thereafter, crush it in to a powder, and then place this powder in a glass jar and store in cool dry place until use. 


mercury 
om 
\ 


3-neck distillation—_ 
flask containing “S 


residue to vacuum trap 


and pump 
to mercury manometer 


desired product of 
diethyl thiophosphory! 
fluoride 


Phosphoryl dichlorofluoride is the grand daddy of all nerve agent intermediates and forms a mobile, lightly 
yellowish to water-white volatile liquid, with a boiling point of 56 Celsius, and a melting point ranging from —47 to 
—21 Celsius. The liquid reacts violently with water forming phosphoric, hydrofluoric, and hydrochloric acids. The 
liquid fumes in moist air giving off chocking irritating vapors. The compound is an absolutely excellent 
intermediate for the preparation of potent nerve agents, and it reacts with many different compounds such as 
alcohols, thiols, and amines forming highly toxic compounds (use extreme care when handling this substance). 
Phosphory! dichlorofluoride is moderately soluble in hexane, methylene chloride, and carbon disulfide. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as intermediate): 10+ (by far Field Stability: 2.9 in moist environments; 8 in 
one the greatest and important intermediates in | dry environments 
the preparation of almost any type of nerve 


agent) 

Persistence (open area): 3.4 Storage stability: 8 (when kept dry). Should be 
used within 6 months of preparation 

Persistence (enclosed area): 7.5 Toxicity (as intermediate): 7.1 (ingestion), 8.9 
(inhalation) 
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Step 1: preparation of phosphoric bromide dichloride 


Into the left apparatus illustrated in the following, place 750 milliliters of dry pure hexane, followed by 192 
grams of ethyl phosphoryl chloride, and then turn on the motorized stirrer, and blend the mixture rapidly for 30 
minutes. Thereafter, turn on the heating mantle to 78 Celsius, and bring the mixture to reflux. Once this reaction 
mixture begins to reflux, slowly add in, drop-by-drop, 185 grams of dry liquid bromine over a period of 2 hours, 
while rapidly stirring the reaction mixture and maintaining reflux at 76 Celsius. Once all the bromine has been 
added, continue to rapidly stir the reaction mixture under reflux for 2 hours. After 2 hours, turn off the heating 
mantle and allow the reaction mixture to cool to room temperature. Note: during the cool down period, continue to 
rapidly stir the reaction mixture. Now, once the reaction mixture has cooled to room temperature, simply replace 
the bulb reflux condenser, and assemble the remaining part of the distillation apparatus illustrated in the right 
illustration. Thereafter, turn back on the heating mantle to 40 Celsius, turn on the motorized stirrer, and distill-off 
the ethyl bromide by-product until no more ethyl bromide is collected in the receiver flask. Once no more ethyl 
bromide distills over, turn off the heating mantle, turn of the motorized stirrer, and allow the remaining reaction 
mixture to cool to room temperature. Once it has cooled to room temperature, disassemble the distillation 
apparatus, but keep the reaction mixture in the 3-neck distillation flask for step 2. 
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Step 2: preparation of phosphoryl! dichlorofluoride 


Now, using the 3-neck distillation flask containing the distilled reaction mixture obtained in step 1, place this 
apparatus in a cold-water bath and assemble the left apparatus as illustrated in the following. Thereafter, turn on the 
motorized stirrer, and then add in, in small portions at a time excess powdered sodium fluoride until 104 grams of 
sodium fluoride has been added. Once all the sodium fluoride has been added, continue to stir the reaction mixture 
at a temperature of 15 to 20 Celsius using the cold-water bath for | hour. After | hour, turn off the motorized 
stirrer, and then remove the water bath, and assemble the standard reflux apparatus as illustrated in the right 
illustration. Thereafter, turn on the heating mantle to 78 Celsius, and turn on the motorized stirrer, and bring the 
reaction mixture to reflux for 4 hours. After 4 hours, turn off the heating mantle, and allow the reaction mixture to 
cool to room temperature. Note: during the cool down period, continue to rapidly stir the reaction mixture. Once the 
reaction mixture has cooled to room temperature, turn off the motorized stirrer, and allow the reaction mixture to 
settle for 45 minutes. Thereafter, disassemble the reflux apparatus, and then filter-off the insoluble sodium bromide 
by-product using a clean dry Buchner funnel under moderate suction, and then after filtration, pour the entire 
filtered reaction mixture into a triple path distillation apparatus as illustrated in the 3" illustration in the following, 
turn on the motorized stirrer, and then carefully distill this reaction mixture at 56 Celsius until no more desired 
product of phosphoryl dichlorofluoride is collected in the desired receiver flask as illustrated. Note: do not allow 
the heat in the distillation flask to rise above 58 Celsius. Once no more desired product distills over and is 
collected, turn off the heating mantle, and allow the apparatus to cool to room temperature. Once it has, remove the 
receiver flask containing the desired product, and then pour into a clean amber glass bottle, sealed airtight, and 
store in a desiccator over phosphorus pentoxide until use. Note: as you will notice in the illustration of the three- 
path distillation, higher fluorides are obtained, including phosphoryl chlorodifluoride, and phosphoryl trifluoride 
(phosphoryl fluoride). Second note: the left over liquid in the distillation flask will contain hexane, and a small 
amount of impurities. This hexane can easily be collected by distillation and recycled for another run. 
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Phosphoryl dichlorocyanide forms a pinkish to slightly yellowish somewhat slight viscous transparent liquid. The 
liquid can be distilled at 172 Celsius under 650mm of mercury, or distilling at 105 Celsius at 22mm of mercury. 
The compound is soluble in methylene chloride, acetonitrile, ethyl acetate, carbon disulfide, chloroform, DMSO, 
and liquid sulfur dioxide. Phosphoryl dichlorocyanide is an intermediate in making nerve agents of the "Taban" 
series. The compound reacts vigorously with water first forming hydrochloric acid and nitrillic phosphoric acids. 
Upon further hydrolyses, hydrogen cyanide is produced. The hydrolyses of phosphoryl dichlorocyanide is rapidly 
sped up by the addition of strong alkali. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 8 Field Stability: 4 in moist environments; 8.5 in 
dry environments 

Persistence (open area): 5.5 Storage stability: 9.5 (when kept dry) 

Persistence (enclosed area): 8.5 Toxicity (as intermediate): 6.9 (ingestion), 5.5 
(inhalation) 
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Into a 3-neck flask, sitting in a Ice/salt bath, and equipped with motorized stirrer, open regular funnel, and bulb 

condenser, pour in 500 milliliters of acetonitrile, followed by 374 grams of phosphoryl chloride, and turn on the 
motorized stirrer to high speed. Now, once this reaction mixture reaches a temperature around —10 Celsius, begin to 
add in, in small portions at a time (500 mg per) 159 grams of powdered potassium cyanide while rapidly stirring 


the reaction mixture and maintaining its temperature around —10 to 0 Celsius at all times. Once all the potassium 
cyanide has been added, continue to stir the reaction mixture at -10 to 0 Celsius for 1 hour. After 1 hour, remove 
the ice/salt bath, and replace it with an ice bath, and then pour in 500 milliliters of methylene chloride, and then 
continue to rapidly stir the reaction mixture at 0 to 10 Celsius for 4 hours. Now, after 4 hours, remove the ice bath, 
and allow the reaction mixture to warm to room temperature. Once the reaction mixture has warmed to room 
temperature, disassemble the simple apparatus (not illustrated), and then filter-off the insoluble by-product of 
potassium chloride using a clean dry Buchner funnel under rapid suction. Thereafter, pour the filtered reaction 
mixture into a advanced high vacuum apparatus, as illustrated in the following. Then, turn on the motorized stirrer 
to high speed, turn on the vacuum pump to 25mm of mercury, and then turn on the heating mantle tol 12 Celsius. 
Then vacuum distill the reaction mixture at the aforementioned temperature and vacuum until no more desired 
product of phosphoryl dichlorocyanide is collected or distilled over. Note: during the vacuum distillation process, 
the methylene chloride and acetonitrile will distill over as well as illustrated. Once no more desired product of 
phosphoryl dichlorocyanide is collected, turn off the vacuum, equalize the pressure inside the apparatus as usual, 
and turn off the heating mantle. Finally, remove the receiver flask containing the desired product of phosphoryl 
dichlorocyanide, and place it into a clean dry glass jar sealed airtight, and store in a cool dry place, until use. 


id water 

condenser 

cold water in 
portishead 


to mercury 
manometer 


cold water 
condenser 


to vacuum pump 


. X 


dry icelaceione Ne 
bath \ 

\ Pret 
methylene acetonitrile 
chloride 


reaction mixture 


“ice bath 


\. 
heating mantle phosphoryl dichlorocyanide 
112 Celsius 25mm 


Hg 


20. Thiophosphoryl dichlorocyanide: Thiophosphory] nitriledichloride; 
phosphorocyanidothioic dichloride 
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Thiophosphoryl dichlorocyanide forms a pale light amber viscous liquid with a boiling point of 209 Celsius at 
560mm of mercury. It can also be distilled at 137 Celsius at 20mm of mercury. The liquid has a melting point of - 
27 Celsius. Like phosphoryl dichlorocyanide, thiophosphoryl dichlorocyanide is a intermediate in the preparation 
"Taban" nerve agents. The liquid is soluble in DMSO, hexane, methylene chloride, chloroform, and carbon 
disulfide, but is insoluble in ethyl acetate, and ethers. The liquid, when added to water, first rapidly sinks to the 
bottom, and then only slowly begins to hydrolyze, with increasing heat and reaction over time; alkalis rapidly react 
with thiophosphoryl dichlorocyanide forming phosphate salts and chloride salts. One of the major products of water 
hydrolyses is the deadly hydrogen cyanide. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 8 Field Stability: 5.5 in moist environments; 9.2 
in dry environments 

Persistence (open area): 6 Storage stability: 9.5 (when kept dry) 

Persistence (enclosed area): 9 Toxicity (as intermediate): 7 (ingestion), 8 
(inhalation) 
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This process is nearly identical to the prior art, except the phosphoryl chloride is replaced with thiophosphoryl 
chloride. Into a 3-neck flask, sitting in a ice/salt bath, and equipped with motorized stirrer, open regular funnel, and 
bulb condenser, pour in 500 milliliters of acetonitrile, followed by 201 grams of thiophosphoryl chloride, and turn 
on the motorized stirrer to high speed. Now, once this reaction mixture reaches a temperature around —10 Celsius, 
begin to add in, in small portions at a time (500 mg per) 77 grams of powdered potassium cyanide while rapidly 
stirring the reaction mixture and maintaining its temperature around —10 to 0 Celsius at all times. Once all the 


potassium cyanide has been added, continue to stir the reaction mixture at —10 to 0 Celsius for | hour. After 1 hour, 
remove the ice/salt bath, and replace it with an ice bath, and then pour in 500 milliliters of methylene chloride, and 
then continue to rapidly stir the reaction mixture at 0 to 10 Celsius for 4 hours. Now, after 4 hours, remove the ice 
bath, and allow the reaction mixture to warm to room temperature. Once the reaction mixture has warmed to room 
temperature, disassemble the simple apparatus (not illustrated), and then filter-off the insoluble by-product of 
potassium chloride using a clean dry Buchner funnel under rapid suction. Thereafter, pour the filtered reaction 
mixture into a advanced high vacuum apparatus. Then, turn on the motorized stirrer to high speed, turn on the 
vacuum pump to 20mm of mercury, and then turn on the heating mantle to137 Celsius. Then vacuum distill the 
reaction mixture at the aforementioned temperature and vacuum until no more desired product of thiophosphoryl 
dichlorocyanide is collected or distilled over. Note: during the vacuum distillation process, the methylene chloride 
and acetonitrile will distill over as well as. Once no more desired product of thiophosphoryl dichlorocyanide is 
collected, turn off the vacuum, equalize the pressure inside the apparatus as usual, and turn off the heating mantle. 
Finally, remove the receiver flask containing the desired product of thiophosphoryl dichlorocyanide (which will be 
the first lower receiver flask), and place it into a clean dry glass jar sealed airtight, and store in a cool dry place, 
until use. 


21. Dimethylphosphoramidic dichloride 


] i. 
oN 
J CH, 


Dimethylphosphoramidic dichloride forms a amber-yellowish syrupy liquid with a boiling point 198 Celsius at 
600mm of Hg, and it can be distilled at 107 Celsius under 53mm of Hg. The liquid has a melting point of around - 
47 Celsius. The compound is soluble in ether, methylene chloride, pyridine, and acetone. The compound is 
insoluble in hexane and cyclic hydrocarbons and most other organic solvents. It reacts with mineral acids forming 
addition salts such the hydrochloride or sulfate. Dimethylphosphoramidic dichloride when added to cold water 
begins to react almost immediately with complete decomposition in a short period of time with increase in 
temperature--salts are obtained. As usual, the product reacts readily with alcohols and amines forming addition 
products, the latter forming addition salts such as the hydrochloride or sulfate. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 8.5 Field Stability: 4 in moist environments; 9 in 
dry environments 

Persistence (open area): 5 Storage stability: 9.5 (when kept dry) 

Persistence (enclosed area): 6.5 Toxicity (as intermediate): 5.5 (ingestion), 6.9 
(inhalation) 
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Into a simple addition apparatus as illustrated in the left illustration shown in the following, pour in 135 grams of 
pyridine, followed by 259 grams of phosphoryl chloride, and then chill the mixture using a salt/ice bath down to 
—10 Celsius (50/50 ratio of ice to salt, and maintain this, as more ice and salt may need to be added during the 
coarse of the reaction to maintain proper temperature). Once the ingredients have chilled to -10 Celsius, turn on the 
motorized stirrer to high speed, and blend for 30 minutes to form a uniform mixture. Thereafter, begin to bubble 
into the reaction mixture, at a flow rate 150 mg per/minute, dry dimethylamine gas until approximately 76 grams 
of dimethylamine has been added. Remember to keep the temperature of the reaction mixture at -10 Celsius under 
rapid stirring during the addition of the dimethylamine. Once all the dimethylamine has been added, continue to 
rapidly stir the reaction mixture at —10 to 0 Celsius for about 1 hour. After 1 hour, remove the salt/ice bath, and 
then remove the addition parts, and replace with a thermometer as shown in the right illustration in the following (a 
classic reflux apparatus), and then pour in 750 milliliters of methylene chloride, and then turn on the heating 
mantle, and reflux the reaction mixture at 50 Celsius for 3 hours with stirring. After 3 hours, turn off the heating 
mantle, and allow the reaction mixture to cool to room temperature. Now, pour the entire reaction mixture into a 
rotary evaporator, and evaporate-off the methylene chloride at 40 Celsius under mild vacuum until no more 
methylene chloride passes over or is collected, and a thick syrupy liquid residue remains. Once no more methylene 
chloride is obtained, turn off the rotary evaporator, and then collect the left over thick syrupy residue that remains, 
and place this residue in a large beaker equipped with motorized stirrer. Now, to this residue add in 1500 milliliters 
of fresh dry diethyl ether, and then blend this new mixture for 2 hours on high speed. Note; use proper ventilation 
as diethyl ether is highly volatile. After 2 hours, stop the stirring, and then filter-off the insoluble materials using a 
Buchner funnel under suction. After the filtration process, wash the filtered-off insoluble materials with two 250- 
milliliter portions of fresh dry diethyl ether, then pour the entire filtered ether mixture (containing the dissolved 
desired product) into a rotary evaporator, and evaporate-off the ether at 40 Celsius under mild vacuum until no 
more ether passes over or is collected. When no more ether is collected, turn off the rotary evaporator, and then 
recover the remaining left over syrupy material, and place this left over material into a 3-path high vacuum 
distillation apparatus, as shown in the third illustration in the following, and vacuum distill at 107 Celsius under a 
vacuum of 53mm of mercury until no more desired product of dimethylphosphoramidic dichloride is collected. 
Once this point is achieved, stop the vacuum distillation process, equalize the pressure, and then collect the desired 
product and store it in a amber glass bottle in a cool dry place until use. 
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22. Dimethylphosphoramidothioic dichloride 
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Dimethyl phosphoramidothioic dichloride forms a clear, slightly turbid light yellowish liquid, which boils at 234 
Celsius at 620mm of mercury. It can also be distilled at 149 Celsius at 29mm of mercury. The compound has a 
melting point around —20 to —12 Celsius. The compound is soluble in DMSO, ether, and carbon disulfide, but is 
insoluble in most solvents; however it is soluble in pyridine. As usual, it reacts with mineral acids forming addition 
salts such the hydrochloride or sulfate. Dimethylphosphoramidothioic dichloride when added to cold water first 
sinks to the bottom, and then shortly thereafter, bubbles begin to form, and begins to react almost immediately with 
complete decomposition in a short period of time with increase in temperature--salts are obtained. As usual, the 
product reacts readily with alcohols and amines forming addition products, the latter forming addition salts such as 
the hydrochloride or sulfate. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as intermediate): 7.9 Field Stability: 4.6 in moist environments; 9.5 
in dry environments 
Persistence (open area): 5.9 Storage stability: 9.5 (when kept dry) 
Persistence (enclosed area): 7.9 Toxicity (as intermediate): 5.6 (ingestion), 7 
(inhalation) 
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This process is almost identical to the prior art. Into a similar simple addition apparatus as illustrated in the left 
illustration shown in the following pour in 91 grams of pyridine, followed by 197 grams of thiophosphoryl 
chloride, and then chill the mixture using a salt/ice bath down to —10 Celsius (50/50 ratio of ice to salt, and 
maintain this, as more ice and salt may need to be added during the coarse of the reaction to maintain proper 
temperature). Once the ingredients have chilled to -10 Celsius, turn on the motorized stirrer to high speed, and 
blend for 30 minutes to form a uniform mixture. Thereafter, begin to bubble into the reaction mixture, at a flow rate 
80 mg per/minute, dry dimethylamine gas until approximately 52 grams of dimethylamine has been added. 
Remember to keep the temperature of the reaction mixture at —10 Celsius under rapid stirring during the addition of 
the dimethylamine. Once all the dimethylamine has been added, continue to rapidly stir the reaction mixture at —10 
to 0 Celsius for about | hour. After 1 hour, remove the salt/ice bath, and then remove the addition parts, and replace 
with a thermometer as shown in the right illustration in the following (a classic reflux apparatus), and then pour in 
500 milliliters of dimethylsulfoxide (DMSO), and then turn on the heating mantle, and reflux the reaction mixture 
at 69 Celsius for 2 hours with stirring. After 2 hours, turn off the heating mantle, and allow the reaction mixture to 
cool to room temperature, Now, pour the entire reaction mixture into a rotary evaporator, and evaporate-off the 
DMSO at 60 Celsius under moderate vacuum until no more DMSO passes over or is collected, and a thick syrupy 
liquid residue remains. Once no more DMSO is obtained, turn off the rotary evaporator, and then collect the left 
over thick syrupy residue that remains, and place this residue in a large beaker equipped with motorized stirrer. 
Now, to this residue add in 1200 milliliters of fresh dry diethyl ether, and then blend this new mixture for 2 hours 
on high speed. Note: use proper ventilation as diethyl ether is highly volatile. After 2 hours, stop the stirring, and 
then filter-off the insoluble materials using a Buchner funnel under suction. After the filtration process, wash the 
filtered-off insoluble materials with two 150-milliliter portions of fresh dry diethyl ether. Then, pour the entire 
filtered ether mixture (containing the dissolved desired product) into a rotary evaporator, and evaporate-off the 

ether at 40 Celsius under mild vacuum until no more ether passes over or is collected. When no more ether is 
collected, turn off the rotary evaporator, and then recover the remaining left over syrupy material, and place this left 
over material into a 3-path high vacuum distillation apparatus, as shown in the third illustration in the following, 
and vacuum distill at 149 Celsius under a vacuum of 29mm of mercury until no more desired product of 
dimethylphosphoramidothioic dichloride is collected. Once this point is achieved, stop the vacuum distillation 
process, equalize the pressure, and then collect the desired product and store it in a amber glass bottle in a cool dry 
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23. Dimethylphosphoramidic difluoride 
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Dimethyl phosphoramidic difluoride forms a colorless, free flowing toxic liquid with a boiling point of 176 Celsius 
under a vacuum of 590mm of mercury. It can be distilled at 102 Celsius under a vacuum of 31mm of mercury, with 
a melting point of -8 Celsius. The compound is toxic and should be handled with care. When added to water, 
hydrolyses begins immediately forming hydrofluoric acid, and phosphate, the hydrofluoric acid thus formed then 
begins to react with glass (if used). Dimethylphosphoramidic difluoride does not etch glass, and can be stored in 
glass containers for prolonged periods of time. The compound is soluble in ether, DMSO, and carbon disulfide. 
Dimethyl phosphoramidic difluoride reacts with amines, thiols, and alcohols forming highly toxic nerve agents. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 9 Field Stability: 2 in moist environments; 7.5 
in dry environments 
Persistence (open area): 4 Storage stability: 9 (when kept dry) 
Persistence (enclosed area): 6 Toxicity (as intermediate): 8.5 (ingestion), 9.5 
(inhalation) 
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Into a standard reflux apparatus, equipped with motorized stirrer, thermometer, and bulb condenser, add in 750 
milliliters of dry hexane, followed by 218 grams of dimethylphosphoramidie dichloride, and then turn on the 
motorized stirrer to high speed, and blend the ingredients for 15 minutes. Thereafter, through the top opening of the 
bulb condenser, add in, in small portions at time, 113 grams of powdered dry sodium fluoride, while keeping the 
temperature of the reaction mixture around room temperature to 40 Celsius. Once all the powdered sodium fluoride 
has been added, begin passing cold water into the bulb condenser, and then turn on the heating mantle to 80 
Celsius, and bring the reaction mixture to reflux under rapid stirring. Continue to reflux the reaction mixture at 80 
Celsius under rapid stirring for 4 hours. After 4 hours, turn off the heating mantle, and allow the reaction mixture to 
cool to room temperature. Note: during the cool down period, continue to rapidly blend the reaction mixture. Once 
the reaction mixture has cooled to room temperature, disassemble the reflux apparatus, and pour the entire reaction 
mixture into a rotary evaporator and evaporate off the hexane at 70 Celsius under moderate vacuum until no more 
hexane passes over or is collected. When no more hexane is collected or passes over, turn off the rotary evaporator, 
allow the remaining residue left behind to cool to room temperature, and then remove it from the rotary evaporator, 
and place this left over residue into a large beaker equipped with a motorized stirrer, and then pour in 1500 
milliliters of dry diethyl ether, and then rapidly blend this mixture on high speed for 2 hours. After 2 hours, stop 
the stirring, and then filter-off the insoluble materials using a Buchner funnel under suction, and then wash the 
collected insoluble material with two 250-milliliter portions of fresh diethyl ether. Then, pour the entire filtered 
ether mixture into a clean rotary evaporator, and evaporate off the ether at 40 Celsius under mild vacuum until no 
more ether passes over or is collected. When no more ether is collected, stop the rotary evaporator, and then 
remove the left over remaining residue, and place this left over remaining residue into a standard vacuum 
distillation apparatus, and distill the residue at 176 Celsius under a vacuum of 590mm of mercury until no more 
desired product of dimethylphosphoramidic difluoride is obtained. Once no more desired product is collected, stop 


the vacuum distillation process, equalize the pressure in the usual manner, and then collect the desired product and 
pour it into a clean glass jar sealed air-tight, and store in a desiccator over concentrated sulfuric acid until use. 


24. Dimethylphosphoramidothioic difluoride 
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Dimethyl phosphoramidothioic difluoride forms a colorless to light amber free flowing syrupy liquid with a boiling 
point of 201 Celsius at 760mm of mercury. It can be distilled at 127 Celsius under a vacuum of 57mm of mercury. 
The compound has a melting point of 2 Celsius, Dimethylphosphoramidothioic difluoride when added to water, 
sinks to the bottom in the usual manner, and then begins to rapidly react with the water forming gas bubbles of 
hydrogen fluoride with increase in temperature. The compound is toxic so use proper precautions in the usual 
manner. Dimethylphosphoramidothioic difluoride reacts with alcohols, amines, and thiols forming highly toxic 
addition products. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as intermediate): 8.5 Field Stability: 4 in moist environments; 8.6 
in dry environments 
Persistence (open area): 5 Storage stability: 9.4 (when kept dry) 
Persistence (enclosed area): 7.9 Toxicity (as intermediate): 7.2 (ingestion), 8.9 
(inhalation) 
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dimethylphosphoramidothioic difluoride 


This process is identical to the prior art. Into a standard reflux apparatus, equipped with motorized stirrer, 
thermometer, and bulb condenser, add in 750 milliliters of dry hexane, followed by 218 grams of 
dimethylphosphoramidothioic dichloride, and then turn on the motorized stirrer to high speed, and blend the 
ingredients for 15 minutes. Thereafter, through the top opening of the bulb condenser, add in, in small portions at a 
time, 103 grams of powdered dry sodium fluoride, while keeping the temperature of the reaction mixture around 
room temperature to 40 Celsius. Once all the powdered sodium fluoride has been added, begin passing cold water 
into the bulb condenser, and then turn on the heating mantle to 80 Celsius, and bring the reaction mixture to reflux 
under rapid stirring. Continue to reflux the reaction mixture at 80 Celsius under rapid stirring for 4 hours. After 4 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the 
cool down period, continue to rapidly blend the reaction mixture. Once the reaction mixture has cooled to room 
temperature, disassemble the reflux apparatus, and pour the entire reaction mixture into a rotary evaporator and 
evaporate off the hexane at 70 Celsius under moderate vacuum until no more hexane passes over or is collected. 
When no more hexane is collected or passes over, turn off the rotary evaporator, allow the remaining residue left 
behind to cool to room temperature, and then remove it from the rotary evaporator, and place this left over residue 
into a large beaker equipped with a motorized stirrer, and then pour in 1500 milliliters of dry carbon disulfide, 
and then rapidly blend this mixture on high speed for 2 hours. After 2 hours, stop the stirring, and then filter-off the 
insoluble materials using a Buchner funnel under suction, and then wash the collected insoluble material with two 
250-milliliter portions of fresh carbon disulfide. Then, pour the entire filtered mixture into a clean rotary 
evaporator, and evaporate off the carbon disulfide at 50 Celsius under mild vacuum until no more carbon disulfide 
passes over or is collected. When no more carbon disulfide is collected, stop the rotary evaporator, and then remove 
the left over remaining residue, and place this left over remaining residue into a standard vacuum distillation 
apparatus, and distill the residue at 127 Celsius under a vacuum of 57mm of mercury until no more desired product 
of dimethylphosphoramidothioic difluoride is obtained. Once no more desired product is collected, stop the vacuum 
distillation process, equalize the pressure in the usual manner, and then collect the desired product and pour it into a 
clean glass jar sealed air-tight, and store in a desiccator over concentrated sulfuric acid until use. 


Chapter 05: Active duty Nerve agents 


Introduction 


Nerve agents are a class of compounds called organophosphates. Some of these organophosphates contain fluorine, 
and some contain sulfur. In essence, nerve agents are highly toxic organic phosphorus compounds that belong to a 
much larger family of organic phosphorus pesticides such as parathion and malathion. Note: A new class of nerve 
agents known as complex Quaternary ammonium compounds are now known, and under investigation. Some of 
these quaternary ammonium compounds may be more potent then many of the conventional nerve agents. 

Nerve agents where in fact developed by the Germans in the 1940’s, but evidence has shown research into 
organophosphate compounds similar to nerve agents began as early as the 1850's; mainly by German, French, and 
Russian scientists. After the fall of the German empire in the 1940’s, the US and Soviet Union heavily stock piled 
nerve agents, and conducted much research into them; mainly on Sarin and VX agents. 

Nerve agents have been used in some wars before or since the period after their research advancement starting in 
the 1940's. Several of these wars include the Japanese attacks on China, and Manchuria, America’s involvement in 
Vietnam, and more recently during the Iran/Iraq war. Other cases where nerve agents were used in war probably 
exist, but exact details are scarce. America used nerve agents in Vietnam primarily during covert operations 
conducted by the CIA. Some of these operations took place in Cambodia and Laos, and under the tutelage of the 
“Air America” propagandist campaign. It is unknown if, and how many people where effected by these attacks, but 
recent reports coming form Vietnam, Cambodia, and Laos indicate enough casualties to warrant investigation. 
Obviously, The US government fully denies any action, and refuses to investigate the matter. Some people in 
Vietnam, Cambodia, and Laos to this day, including mainly older persons, and decedents of people affected all 
show physical or mental signs of exposure to nerve agents; the latter being genetically passed over. Most of these 
surviving people show similar symptoms to those Americans who returned from Desert Storm. 

Much research as been conducted into the physical effects of nerve agent exposure under low concentrations, i.e., 
chronic exposure. Since the Gulf War, much concern and debate has arisen since thousands of US veterans 
returning from Desert Strom started to develop unusual and unexplained illnesses. Much of these illnesses are still 
under heavy investigation and scientific explanations have still not concluded exact physical reasons for their 
existence; although many theories exist. 


History 


The first actual nerve agent developed, was created by Dr. Gerhard Schrader, who was a chemist and famous 
German scientist. His research into nerve agents actually started as an effort to synthesize more effective, and 
elaborate pesticides and insecticides. In 1937 he synthesized a nerve agent called tabun, and he personally 
experienced its toxicity in the lab after a small drop of it spilled onto a laboratory benchtop. Within moments he 
complained of dim vision, headache, and difficulty in breathing. Shortly thereafter, he and other colleagues began 
conducting animal testing on said agent, and found it to be highly lethal, especially through inhalation. Shortly after 
these experiments, the information was reported to the German ministry of war, and thereafter development into 
other agents with similar activity began. Shortly thereafter, sarin was developed, followed by soman several years 
following. The US military adopted the letter designation “G” after Nazi chemical warfare munitions bearing this 
letter insignia where discovered after the war: GA for tabun, GB for sarin, and GD for soman. Although the 
Germans had developed nerve agents long before the US or Russia, they never used them during the war; this 
information has been confirmed, and historians have pondered on the reasons why the Germans never used the 
lethal agents during the coarse of World War II. Some historians have stated that the Germans could have halted 
US and Russian troop advancements to the brink of extinction if they were to have used such lethal agents on a 
large scale; which they were capable of doing. Some historians have noted that the Germans probably hesitated to 
use nerve agents during World War LI, because they were afraid of US, British, and Russian retaliation, although 
these nations would have been unable to significantly retaliate in case of massive chemical disseminations by the 
Germans. During World War II, the only “nerve” like agents the US and Russia were aware of, were incapacitating 
organic phosphorus compounds such as diisopropyl flurophosphate, which is much less toxic then tabun, sarin, or 
soman. The Germans were able to mass-produce tabun, sarin, and soman by 1945, but the fall of Germany shortly 
thereafter gave the technology to the US and Russia. The US and Russia began mass production of tabun, sarin, and 
soman by the early 1950's. 

During the German production of nerve agents during the war, and later on during US and Russian production, 
hundreds of workers were injured by exposure. Many of these cases went unreported. Some of the cases were 
documented, but with little being learned or gained through documentation. It wasn’t until about the mid 1950's 


that occupational health and safety rules were created to catalog workers exposed. Shortly thereafter, research into 
detection, decontamination, and treatment began. In the 1960’s research into nerve agent antidotes began, leading 
to the creation of few by the late 1960's. After the fall of the Soviet Union, many Russian and US chemical 
weapons research programs where dissolved, and existing research programs began to focus on general chronic 
exposure, rather then battlefield exposure. 

Research into organic phosphorus compounds has continued under a very small pace since the 1950’s, with about 
99% of the total research being directed towards the agricultural industry rather then military. Most pesticides and 
insecticides to date are organic phosphorus compounds related to parathion, and malathion; the latter are related to 
the military nerve agents. The toxicity of most of these pesticides and insecticides is far less then any military nerve 
agent, but many of them are toxic, and produce similar symptoms. 

It was determined quite early in the development of nerve agents, that they demonstrate huge physiological activity 
in the body; primarily acting as acetylchlolinesterase inhibitors disrupting neurological activity in the body. Nerve 
agents also impede on other active enzymes in the body producing a variety of physiological effects, many of 
which lead to death. 


Militarization 


The nerve agents are much more toxic then chemical agents such as chlorine, mustard gas, and phosgene. The latter 
two saw extensive action in World War I. Most of the previously used warfare agents including mustard gas, and 
phosgene, where easy to detect in field concentrations. Nerve agents on the other hand, show remarkable 
persistence, difficulty in detection, and are up to 80 times more potent and toxic then the aforementioned warfare 
agents used during World War I. Nerve agents can contaminate areas of the environment for months at a time, 
leaving soil, and surrounding media contaminated with incapacitating doses. 

Nerve agents are deliverable by artillery shell, bombs, rockets, grenades, atomizers, humidifiers, foggers, and many 
types of spray systems. The agents can be sufficiently disseminated using explosives munitions with little loss of 
the agent due to the destructive forces of the exploding shell; although too much explosive can damage the agents 
(see Section 6: methods of dissemination and use). For large-scale operations, aerosols, atomizers, humidifiers, or 
foggers are best used for dissemination. In most spray systems, the agent is merely compressed into canisters with 
air, and then sprayed over wide areas. In aerosols, the agent is mixed with an inert liquid hydrocarbon, and then 
placed into sealed containers (like a can of hair spray), and then pressure released upon impact of the projectile, or 
upon ignition or activation of the munition. Other methods of dissemination, although much less common, include 
covert and tactical devices usually involving hand-held weapons for agent dissemination. These devices are used 
with intent to contaminate roads, paths, camps, food products, or drinking water supplies 

In the 1970’s the US and Russia developed what are called “binary” chemical munitions, as a result of aging, 
leaking, and defective weapons caches. Binary weapons are specially designed weapons where two or more 
separate ingredients are contained. These ingredients are relatively non-toxic by themselves, but form the desired 
lethal agents upon mixing. The mixing process usually takes place after the weapon has been fired; although, 
various draw backs were encountered in this field. One serious drawback was the poor mixing rate of the non-toxic 
ingredients to form the lethal agent within fast moving or high velocity projectiles. Long-range missiles, and 
artillery shells could effectively be used for binary munitions, but gun shells, mortars, rockets, and grenades 
provide insufficient time for the non-toxic ingredients to properly mix. Other drawbacks included improper reaction 
conditions, unwanted side reactions, and premature decomposition of the impure agents upon impact of the missile 
or artillery shell. The US and Russia both unsuccessfully tried using binary systems with aerosols, and spray 
systems to disseminate agents, but encountered the usual drawbacks: improper mixing of non-toxic ingredients, 
side reactions, unwanted reactions due to pressure or no reactions at all due to very cold liquid hydrocarbon 
temperatures, and unsatisfactory environmental contamination due to impure agents (hydrogen chloride gas is a 
major product and contaminant in most of these reactions, and impedes on the success of the agent). 


Chemical nature 


Nerve agents all have a particular chemical backbone, which defines them as nerve agents, and gives them their 
toxicity. The key characteristics are the central phosphorus atoms. This phosphorus atom is always of +5 oxidation 
state, and is double bonded to either an oxygen atom or sulfur atom. For the tabun agents, V-agents, and V-sub 
agents, only oxygen is bonded to the phosphorus. For NPF agents, three oxygen atoms are bonded to the central 
phosphorus atom, with one oxygen being double bonded. This oxygen can be replaced by sulfur, but normally 
includes oxygen only. 
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For the G-agents, the fluorine atoms can be replaced by chlorine, bromine, or iodine, but are usually fluorine atoms. 
For both the G-agents, the R group is primarily methyl, but can be ethyl, isopropyl, or butyl. The R1 group can be 
ethyl, isopropyl. butyl, tert-butyl, neopentyl, cyclo, or aryl. The tabun agents contain a —CN or “nitrile” group and a 
tertiary amine group. The R or R1 groups of the amine can be methyl, ethyl, isopropyl, butyl, cylco, or aryl. The R2 
group of the tabun agents can be methyl, ethyl, isopropyl, or butyl, but are usually methyl or ethyl groups. The V- 
agents all have a central sulfur atom within the arterial vane of the structure with a tertiary amine group at the end. 
The R and RI groups of this amine group can be the usual, but include tert-butyl, neopentyl, cyclo, or aryl. The R 
and R1 groups of the V-agents are usually methyl, ethyl, or isopropyl groups. The R2 and R3 groups of the y- 
agents are usually methyl, ethyl, isopropyl, but can be tert-butyl, neopentyl, cylco, or aryl. The R4 group is 
normally methyl, or ethyl, but can be propyl, butyl, or pentyl. The V-sub agents include two sulfur atoms on the 
arterial vane of the structure, and the RI group can be the usual groups. The R group within the arterial vane is 
usually methyl or ethyl, but can be propyl, butyl, or pentyl. The R2, and R3 groups can be methyl, ethyl, isopropyl, 
or cyclo. NPF-agents are cyclic phosphorus compounds containing three oxygen atoms. The double bonded oxygen 
can be replaced by sulfur, but normally includes oxygen. The R and R1 groups are normal methyl, but can be ethyl, 
or propyl. The R2 and R3 groups can be methyl, ethyl, isopropyl, tert-butyl, neopentyl, cyclo, or aryl. The fluorine 
atom can be replaced by chlorine, bromine, or iodine, but normally includes fluorine only. 

A major characteristic of the nerve agents is the carbon-to-phosphorus bond (represented by the R group for the G- 
agents, and the R2 group for the V-agents). This carbon-to-phosphorus bond is not commonly found in non-lethal 
organic phosphorus pesticides or insecticides. 


Environmental persistence 


Nerve agents are highly persistent in the environment, and they can persist for periods as long as 3 months. Some 
nerve agents are more persistence then others, and each nerve agent’s persistence is determined by their physical 
characteristics. In any case, the nerve agents are more persistent then the blood agents, or riot control agents. Most 
nerve agents are insoluble in water, and only slowly hydrolyzed by it. Although most nerve agents are insoluble in 
water, they are soluble in water in very low concentrations, and these low concentrations are considered harmful to 
humans. Wet and moist environments contaminated with nerve agents can contain very dilute, yet harmful water 


solutions of nerve agents that may contaminate human bodies upon various methods of exposure. Nerve agents can 
linger on vegetation for prolonged periods of time, and some nerve agents may actually be absorbed by some 
plants. Nerve agents in the form of vapor in the air can condense on the surface of leaves, twigs, branches, metal 
surfaces, wood surfaces, plastic surfaces, and glass surfaces forming tiny droplets. These droplets may fall to the 
ground, or may dissolve into water forming dilute, yet harmful solutions. In some cases, these tiny droplets of 
agents can re-volatize forming vapor in the air. The process of volatization, condensation, and re-volatization can 
reoccur many times, even in a single day. In this regard, areas on the ground may contain droplets of nerve agent 
one moment, and then very few drops the next, but with heavy vapor concentrations of the agent in the same area; 
this can severely hamper decontamination efforts. 

VX is by the far the most effective nerve agent, and the most persistent. It is very non-volatile, and can form 
condensates on any known surfaces, which can linger for months. Agents like Sarin are rather volatile, and tend to 
form vapors in the air, which may only condense into droplets during the night. Upon sunrise, these condensations 
will re-volatize into vapor. Volatile nerve agents can contaminate larger areas then non-volatile agents as VX. A 
slight breeze can dissipate the volatile agents over very wide areas. These wide areas may not contain lethal 
amounts, but can still give rise to chronic exposure. Agents like VX are usually to non-volatile to be swept away by 
a breeze. As a result of VX’s non-volatility, it is used to contaminate designated areas for long lasting periods. 
Strong winds although, may effectively volatize the VX, carrying it over wide areas. 


Toxicity: Mechanisms of action 


ACh (Acetyl choline) serves as a neurological transmitter at the end of nerve fibers. Normally, when a nerve 
impulse arrives, ACh is liberated in packets, which stimulates specialized chloline receptors depolarizing the 
postsynaptic membrane. The ACh is then immediately inactivated and destroyed by the enzyme AChE (acetyl 
cholinesterase) yielding chloline, and acetic acid as products. As a result of this simple, yet complex action, 
transmission of the impulse ceases, and the membrane repolarizes, and is then ready for another transmission. The 
process of ACh formation, followed by interaction with AChE is what carries out the nerve transmissions, which 
allows our brain to communicate with the rest of our body. 

When a nerve agent enters the aforementioned process, the situation changes. After ACh is formed during normal 
neurological transmission, it begins to accumulate around the membrane. The ACh accumulates due to inactivation 
of the AChE, which is caused by reaction with the nerve agent. Nerve agents bind to the AChE enzyme, 
inactivating it. When the ACh accumulates, is gives rise to un-ordered, and uneven bursts of neurological 
transmissions, which go unchecked due to AChE inactivation. Within moments, the membrane site undergoes 
paralysis. Paralysis of the effected membrane then brings about physical bodily disfunctions, starting with the usual 
nerve agent symptoms, and then resulting in death, or long term illness. Exposure to nerve agents causes paralyses 
to multiple membrane sites, but due to the extreme efficiency at which the nerve agents bind with AChE, and the 
resulting accumulation of the ACh, very little nerve agent is needed to cause severe illness; hence the high toxicity 
of nerve agents. 


Symptoms from exposure 


Muscarinic miosis (Lachrymation effects): Increased nasal secretions, but unlike exposure to riot control agents. 
Nasal secretions primarily include runny nose, without nasal congestion or soar throat. The runny nose will be 
rather persistent, and can last for hours; chronic exposure to nerve agents can lead to persistent runny nose. Other 
effects include tightness in chest, and difficulty in breathing; cramps, and gastrointestinal disorders; nausea and 
vomiting; diarrhea, profuse sweating; frequent urination, and heart blockage resulting in death. 

Nicotinic (Muscular disorders): These symptoms include muscle weakness, tremors, muscle cramps and 
uncontrolled or sporadic muscle twitching, elevated blood pressure, and tachycarbia. 

Central Nervous System: These symptoms are the normal illnesses as a result of exposure. The symptoms are short 
lived under lethal concentrations, but can be long term (lasting for years) under low and chronic exposure. 
Symptoms include headache, dizziness, weakness, impaired memory and alertness, anxiety, tension, emotional 
distress, seizures, insomnia, excessive dreaming, coma, respiratory depression, paralysis, and death. 


The above symptoms are the predominate illnesses cause by nerve agent exposure, but research has indicted other 
symptoms may exist. Receptors activated by not only ACh may also lead to the release of other neurotransmitters 
within the brain, leading to the release of other accumulative compounds as well as ACh. These “other” 
accumulative compounds alone, or along with ACh may create other mechanisms within the system leading to 
other disorders related to, or unrelated to the buildup of ACh alone. Some of these other illnesses may be strictly 
the result of chronic exposure, and their exact origin and scientific roots is unknown in many regards. 


Treatment 


Atropine is the prime compound for the treatment of nerve agent poisoning. Atropine affects the ACh on 
muscarinic receptors, but it does not act upon nicotinic receptors. Oximes, are another common treatment drug, and 
are used to reactivate AChE by displacing the agent from the enzyme, but it only works within a short time after 
exposure to a nerve agent; it must be administered immediately after contamination or else it does not work. The 
disadvantage of Oximes is they do not affect soman poisoning in anyway. For the treatment of soman nerve gas 
exposure, a compound called pyridostigmine was found to work on the nicotinic receptors with satisfactory results. 
Most military forces around the world have injectable forms of atropine, pralidoxime (2-PAM chloride), and 
diazepam, which all work at slowing or defeating the poisoning effects of nerve agents, but in essence, any nerve 
agent antidote has to be administered immediately (within 5 to 15 minutes) of exposure. Diazepam is used for its 
anticonvulsant effects. 

It is known that certain nerve agents like cyclosarin are resistant to treatment with oximes such as pralidoxime. 
Note: Not all AChE inhibition does not explain all aspects of nerve agent poisoning, and the aforementioned 
treatment drugs may not serve to cure or eliminate all possible symptoms of nerve agent poisoning. Nerve agents 
can also inhibit other esterases including trypsin, chymotrypsin, and thrombin. In some cases, a compound called 
phenylmethylsulfonyl fluoride has been known to cure exposure to some nerve agents including VX, soman, and 
cyclosarin, with excellent results achieved even after sufficient time has passed from exposure. This drug was only 
tested in experimental animals, and information of its use with exposed humans is speculated. 


Phenylmethylsulfonyl fluoride might be used to successfully treat persons suffering from symptoms brought on by 
chronic exposure, i.e., The Gulf War syndrome. 


Methods of body entry and potential fates of exposure thereto 


Dermal adsorption: Nerve agents are readily absorbed through the skin, and into the circularity system, from where 
they easily spread throughout the body. Nerve agents can also easily penetrate the linings of the lungs, and the 
lining of the gastrointestinal tract. The lungs absorb nerve agents must faster then the skin. Toxicity of nerve agents 
through skin absorption is much slower then through inhalation, and tends to require higher concentrations. The 
more volatile nerve agents such as sarin and tabun tend to volatize before significant skin absorption can take place, 
but agents like VX are very non-volatile and rapidly absorbed by the skin. VX is much more effective at producing 
casualties through skin absorption, or gastrointestinal absorption then other agents. After entering into the 
circulation of the body through dermal absorption, nerve agents begin to distribute throughout the body. The 
distribution of the nerve agents by the circulatory system is not the same in every person, and toxicity through 
absorption may vary from person to person. 

Ocular: Nerve agents can be readily absorbed through the conjunctival sac of the eye. Theoretically, lethal 
concentrations can be absorbed as droplets or vapor, but exact levels through eye inhalation are unknown. 
Absorption through the eye usually gives no warning, but symptoms include dim vision, impaired night vision, 
headache, lethargy, and impaired vision effects. 

Respiratory: Obviously, the predominant entry of nerve agents into the body does so through inhalation. Vapors, 
mists, fog, and aerosols are easily inhaled, and thereby absorbed by the lungs into the blood stream. Reports have 
indicated that resting troops are more likely to die from lower concentrations of nerve agents through inhalation, 
then active troops working and moving. These reports indicate potential deactivation of the nerve agents by rapid 
circulatory activity. The process for deactivation of the nerve agents in this manner is not quite clear, but indicates 
that higher circulatory action (by active and moving troops) causes more rapid detoxification rates—although, this 
should not be seen as a potential fix for nerve agent exposure. 

Ingestion: Ingestion of nerve agents is highly toxic, but not as toxic as inhalation. The lethal doses through 
ingestion tend to be higher then through inhalation. Reports have indicated that different nerve agents have 
different lethal doses through ingestion. It is reported that sarin and VX tend to be more toxic through ingestion 
then soman or cyclosarin. Because of the differences in people’s body chemistry, it is hard to predict exact lethal 
concentrations. Ingestion in any sense of low concentrations tends to produce the usual gastro problems including 
cramps, colic, nausea, vomiting, and diarrhea. Ingestion of lethal concentrations usually takes anywhere from 20 
minutes to 3 hours to kill any exposed personnel. Ingestion of lethal concentrations tends to forgo the 
aforementioned gastro problems. 


Metabolism 


Reports have indicated that certain nerve agents can be detoxified in some people, but this is not to say these same 
people are immune. In all cases, exposure to lethal doses is fetal, but the reports indicate that some people may be 
immune to low and/or chronic doses. Some nerve agents like soman tend to accumulate in the body, and are stored 
by the body for prolonged periods of time without any real illness. Later on, it seems any stored nerve agents are 
then released, causing systematic poisoning, and death. Tests showed that soman could be stored in fat cells by 
some people for periods of several months, without any real danger to the person during that time. This 
demonstrates a possible connection between the strange illnesses overcoming veterans of the gulf war. It is possible 
to say that chronic or low exposure to nerve agents can lead to no immediate injury, but gives rise to illness 
sometime later due to released nerve agent previously stored in the body. 

The metabolic action of nerve agents in the body is unknown, and research on nerve agents is rather sluggish these 
days. Little information is available on metabolic rates of nerve agents, especially as it pertains to storage, and the 
effects involved. Reports indicate that metabolic action of the body on nerve agents may differ at different times in 
the day, and under different moods of the soldiers. Soldiers under allot of stress and physical movement showed an 
increased metabolic rate, decreasing the toxicity levels of the agents. At the same time, reports showed relaxed, and 
content soldiers at rest were more likely to be affected by lower doses then those soldiers previously mentioned. 
Other reports have indicated the toxicity of nerve agents to be more toxic at night, then during the day. 


Behavioral effects of nerve agent exposure 


Behavioral effects of personnel exposed to low concentrations of nerve agents may vary, but in general includes 
fatigue, memory loss, anxiety, and decreased mental performance. Exposure through inhalation is the usual method 
of entry where by noticeable mental changes can be observed. It was also found that skin absorption tends to 
produce such behavioral disorders as well. In some documented reports, skin absorption of nerve agents was found 
to lead to pronounced memory problems, changes in thinking and thought, and various mood swings. Other 
behavioral symptoms include emotional distress, nervousness, anxiousness, impaired coordination and balance, and 
a general sense of confusion and irritability. Obviously, exposure to lethal concentrations would forgo most of 
these symptoms. 


Combined effects of nerve agents with other warfare agents 


Nerve agents show increase toxicity when mixed with nitrogen mustards. Tabun for example, shows increased 
toxicity when mixed with HN3. When nerve agents are mixed with nitrogen mustards, serum cholinesterase levels 
in the body recover much less slowly then when nerve agents are used by themselves. In essence, this means that 
the rate in which nerve agents interfere with AChE in the body is increased, making the onset of reaction more 
rapid; if nerve agents were not already toxic enough, the nitrogen mustards increase this toxicity up to three fold. 
Mixing nerve agents with nitrogen mustards not only increases toxicity rates, but absorption rates as well. Studies 
have shown that nerve agents can penetrate the skin and eyes up to four times faster when they are mixed with 
HN1, HN2, HN3, or HN4. When mixing nitrogen mustards with nerve agents, the nerve agent should be in a ratio 
of 3 to 1; three parts nerve agent to one part nitrogen mustard. 

Little research has been conducted on the effects of nerve agents combined with blood agents. It is safe to assume 
that many blood agents are soluble in nerve agents, and hence, capable of being combined. Mixing blood agents 
with nerve agents may increase the toxicity for both, but because nerve agents are highly toxic, along with the 
blood agents, combining both elements is not necessarily needed. 


Potential pretreatment of personnel 


In clinical trials, humans exposed to low concentrations of nerve agents after pretreatment with atropine, 
pralidoxime, or physostigmine showed fewer symptoms; nevertheless similar trials demonstrated that pretreatment 
with the aforementioned nerve agent antidotes actually increased the toxic affect of the nerve agent. Pretreatment 
with physostigmine did not protect subjects from low doses to nerve agents, but actually enhanced the toxicity of 
these nerve agents. 


Chronic exposure 


There is limited information regarding chronic exposure, especially when it comes to military and occupational 
exposure, Animals and humans exposed to non-lethal amounts of nerve agents on continuous and persistent levels 
showed signs of tolerance after | week; meaning further non-lethal doses had no effect. The effects of exposure 
before hand gave the usual symptoms through inhalation, ingestion, eye, and skin absorption. In one clinical trial, 
dogs were fed low doses of sarin once a day for 6 months. These trials resulted in some illness, with the usual 
symptoms being noted, but also signs of tolerance and immunity in many of the dogs within two weeks of the trial. 
After the six-month trial, all dogs made full recoveries with no signs of permanent illness. This trial clearly 
contradicts some trials pertaining to the long-term affect of nerve agent exposure; especially in regards to Gulf war 
veterans. 

Other trials regarding soman, tabun, and cyclosarin showed similar results. In all cases, brain levels of AChE 
stabilized after particular times (ranging from 7 to 21 days) during chronic exposures of animals to the nerve 
agents. 

It is unknown exactly what affects humans would show during chronic exposure. Veterans of the Gulf War have 
complained of irregular symptoms, none of which have any logical origin, other then possible exposure to nerve 
agents. In this regards, it is highly likely that personnel suffering from illnesses after the Gulf war, do so because of 
one single factor: These people were more likely exposed to non-lethal amounts of nerve gas, but only for periods 
less then would be described as “chronic” exposure. Exposure to non-lethal amounts of nerve agents, but for 
periods ranging under 7 days would be considered non-chronic exposure, and would most likely produce symptoms 
and illness. 


Delayed affects 


In general, nerve agent exposure is lethal under many concentrations. As previously described, chronic exposure or 
exposure to non-lethal amounts of nerve gas over varying periods of time can lead to symptoms, and potential 
permanent illness. However, one aspect that will be briefly discussed here is the potential for delayed affects as a 
result of nerve gas exposure. In some trials, animals exposed to non-lethal amounts of nerve agent over short 
periods of time developed almost immediate symptoms, the majority of the time. Although, a few cases showed 
little or no symptoms up 7 days after exposure. These few cases did however eventually come down with the usual 
symptoms after periods ranging from 7 to 10 days. This information is of importance in the field of genetics. It is 
possible that gene sequences within these animals’ bodies may have temporarily protected them from immediate 
symptoms. In a few side tests, these same animals were given the usual nerve agent antidotes within 7 days, and 
most of them made full recoveries within 2 weeks. Conclusion, in the future, geneticists might be able to code those 
gene sequences into soldiers bodies, giving them a virtual window of safety during and shortly after exposure to 
nerve gas. These soldiers could then be treated before the delayed affects arrive. 

Field tests, and gathered information on personnel exposed to nerve gas as a result of occupational hazards has 
given no clear evidence of “protective” gene sequences in humans, and many scientists regard delayed affects of 
nerve gas exposure to be virtually non-existent; although, many of these same scientists regard delayed affects in 
humans as possible. 

Delayed affects in humans may or may not be the result of protective gene sequences, but in any light, delayed 
affects in humans could arise after 3 to 9 days of exposure to low levels of nerve agent. Although similar in nature, 
these delayed affects would be somewhat different then the normal symptoms of nerve agent exposure. Examples 
include, convulsions and dry heaving (rather then nausea), blurred spots in the center of vision, tipsy or drunk-like 
states, tingling sensations in the fingertips and cheeks, seizures, cardiac arrests, and muscles spasms. Agents that 
may show delayed affects are: Sarin, soman, tabun, cyclosarin, and NPF. Agents that are probably unlikely to show 
delayed affects include: VX, VXIT, V-sub x, and thiosarin. 


Acute effects 


Acute effects refers to effects of exposure from multiple modes of nerve agent entry into the body. In essence, acute 
exposure refers to nerve agents entering the body thorough inhalation, along with ingestion and/or skin and/or eye 
absorption during specific times. The various modes of entry into the body can be simultaneous, or offset, meaning 
exposure to nerve agents through several modes of body entry simultaneously, or exposure to nerve agents through 
several modes of body entry with each entry offset from the other. Acute affects to nerve agent exposure are 

similar, but more severe then for inhalation, ingestion, and eye/skin absorption alone. Obviously, multiple modes of 
body entry would produce pronounced effects over single modes of body entry. Intoxification to nerve agents is 
much more rapid and more pinpoint. Chronic exposure or exposure to non-lethal concentrations of nerve agent 


through acute intoxicification under periods of 7 days can result in a plurality of symptoms, which can lead to 
permanent illness. In some cases, a few people may experience delayed effects. Chronic exposure or exposure to 
non-lethal concentrations over periods of 7 days can result in the same aforementioned effects, with signs of 
tolerances forming after 7 days; nevertheless, acute exposure is rarely curable, even with immediate antidote 
administration. 


Exposure to high concentrations of nerve agent 


Nerve agent exposure under high concentrations usually leads to death in several minutes. A few documented cases 
have stated that persons exposed to high concentrations of nerve agent were able to survive due to immediate 
hospitalization. During treatment, these persons suffered from particular disorders including rapid heart rate, high 
blood pressure, respiratory distress, cyanosis, and inflamed conjunctivae. In all cases, these persons decontaminated 
themselves using charcoal or bleach prior to hospitalization, but none administered antidotes to themselves 
immediately after exposure; all were given atropine and 2-pyridine aldoxime methiodide during hospitalization. 
Survivors of high exposure mentioned suffering from bad dreams, psychiatric conditions including depression and 
withdrawals, restlessness, nausea, and vomiting: symptoms which went away after about 2 days, with full recovery 
by 6 months. In similar cases, soldiers injured by nerve agents during military training suffered from cyanoses, and 
seizures. In these cases, recovery was made in about 6 months, with severe symptoms lasting for only about 2 or 3 
days after exposure; in all cases, the exposed personnel were treated with atropine and 2-PAM chloride within 5 to 
15 minutes of exposure. 

In most cases persons exposed to high concentrations of nerve agent can survive with full recoveries being made if 
treated and hospitalized immediately. Immediate treatment and hospitalization is more common for persons facing 
occupational hazards, or for military training personnel, but soldiers on the battlefield are less likely to have 
immediate treatments available except for personnel antidotes; personnel antidotes must be administered within 5 
to 15 minutes of nerve gas exposure. Note: Even if antidotes are administered within minutes of exposure, there is 
no guarantee of recovery. Several documented cases discussed patients dying within hours of exposure to high 
concentrations, regardless of immediate treatment. 

Many documented cases arose after the nerve gas attacks in Japan, but even though there were hundreds of people 
poisoned by these sarin gas attacks, many of these documentations are inadequate to support conclusions due to 
several factors: 1) The sarin used in the attacks was heavily contaminated with impurities, and would not be 
considered satisfactory by trained personnel for military use. 2) Due to the severity of the impure sarin, it’s 
unknown whether these impurities could increase toxicity, or decrease toxicity. 3) The severity of impurities may 
lead to a multitude of additional symptoms along with the nerve agent symptoms making correct scientific 
diagnosis almost impossible. 4) The impure sarin was not disseminated properly, meaning that much of the agent 
remained in liquid form and failed to volatize. 5) The total amount of sarin released into the air is unknown, but 
was probably less then that considered “effective” for the operation. 

In essence, nerve agents under high concentrations are extremely dangerous, and can cause fatalities within 
minutes. Even though the aforementioned cases ended in full recoveries of the patients, nerve agents under most 
conditions are lethal. Documented cases, and scientific studies can vary. As with other scientific studies, some tests 
may show one set of results, but at the same time, others might show opposite results. It is safe to say that nerve 
agents are highly toxic in any nature, and exposure to low concentrations or high concentrations leads to a 
multitude of symptoms, which may differ in certain people. It is probable that a few people might actually be 
immune to nerve agents based soly on genetics along, but overall, nerve agents are highly toxic. 


Long term affects after recovery 


In many of the documented cases where exposed persons made full recoveries, there exists much question about the 
patients’ true health. Follow up work on patients’ years later, has revealed a complex array of symptoms classified 
as long term. For many of these recovered patients, there exists illnesses’, still being suffered by these survivors’ as 
much as 10 years later. The symptoms usually include chronic fatigue, motor and nerve response problems, chronic 
dizziness, blurred speech, problems remembering things, and changes in the taste of food. One documented case on 
a soldier exposed to nerve gas 15 years ago stated that to this day eating certain foods often resulted in unusual and 
strange flavors upon the taste buds; in other words, common foods displayed different tastes upon eating. Examples 
included coffee tasting very sour and unpleasant, bananas tasting of metallic nature, and garlic resulting in a fruity 
aftertaste. What these symptoms mean, and their direct origin in unknown. Presumably, intoxification by nerve 
agents can result in chronic damage to the nerve system, which spreads to different areas of the body during the 
initial point of exposure. This would explain differences in long-term symptoms experienced by different people. 


Some long-term illnesses experienced by exposed persons forgo some of the aforementioned symptoms, but rather 
include muscle spasms, chronic runny nose, and tingling in the fingertips. 


Short-term exposure with unknown concentrations (through inhalation) 


Short-term exposure to unknown concentrations is more common then most other types of exposures. Up to now, a 
variety of illnesses and affects have been discussed under different situations of exposure, but not so much on 
short-term exposures to unknown concentrations. Many situations and symptoms exist, and exposure to nerve 
agents in this manner can lead to similar symptoms as with chronic or acute exposures. The following is a military 
example of short term exposure to military grade nerve gas, and should not be considered a model representing all 
persons exposed to nerve gas (especially cases involving agricultural workers, or victims of the attacks on Tokyo 
Japan). 

Documented example of soldier exposed to sarin gas after field-testing operation on November 10", 1953 (the 
concentration of the gas was unknown): The soldier was able to detect sarin in the air, so he tightened his mask. 
Within minutes, he developed a frontal headache and rhinorrhea. Within 4 hours, he had pinpoint pupils, 
photophobia, headache, and eye pain. He was fatigued and reported that his joints felt stiff. He was administered 
oral doses of atropine and continued working the rest of the day. That night, he was restless and could not sleep. 
His headache continued, and he awoke from several nightmares. After each awakening, he was disoriented and had 
numb legs. His nausea quickly improved, but his night vision was poor. That morning, he went back to work. The 
next day on November 12", he had a headache, small pupils, and he had trouble reading and focusing on objects. 
That night, he awoke every three hours or so, He was administered 400 micrograms of atropine, which he claimed 
helped with the symptoms. Again, that morning, he returned to work, but his symptoms worsened during the day. 
His rhinorrhea increased, and he vomited after lunch. Diarrhea developed shortly thereafter, resulting in 12 watery 
stools. He then developed a chronic cough with thick mucous. That evening, he had vertigo and nearly fell over. He 
was administered atropine again, but with little help impeding the symptoms. Sleep that night was frequently 
interrupted, and he felt confused and numb all over. The next day his memory was terrible, not being able to 
remember things he just said, and his joints were stiff. Later on he developed heartburn and belching. He vomited a 
few more times, and was suffering from severe depression. The symptoms were on and off for the next couple of 
days, but after 7 days from the time of exposure, the symptoms began to lessen, and after 14 days were gone. The 
soldier made a complete recovery within 1 month. Note: This same soldier developed long-term symptoms within | 
year after his exposure. To the day of his death, many years later, he complained of a multitude of illnesses as 
described under “long term exposure”. 


Short-term exposure to unknown concentrations (through eye and skin contact) 


Short-term exposure through eye and skin contact results in similar illness as through inhalation, but with less 
severity and duration. It has been found that persons exposed to nerve agents through eye and skin contact showed 
no symptoms or “long term” illnesses up to 3 years after initial contact; although, these persons did suffer from 
similar symptoms as other exposure situations. Symptoms included profuse sweating, numbness, achy joints, and 
emotional distress. In a VX accident, it was reported a female scientist made skin contact with a small drop of the 
agent on her forearm. The initial skin contact produced no symptoms, but soon thereafter, symptoms did develop. 
The symptoms included chest pressure (lasting for 3 day), extreme fatigue, profuse sweating (for 36 hours), and 
severe emotional distress (confusion, stupor, nervousness, depression, and guilt). Skin exposure to other agents 
probably produces similar affects. 

One interesting case documented raised concerns about the toxic nature of some nerve agents through eye and skin 
contact. In the 1970’s, a researcher was accidentally sprayed in the face with an unknown, but most likely small 
amount of VX. This person was immediately decontaminated, and treated with atropine and 2-PAM chloride. 
Within minutes of exposure, he experienced the usual symptoms, which lasted for only several days. Thereafter, he 
recovered, but became ill some months later. Shortly he collapsed under cardiac arrest, but was revived with no 
permanent illness. Several years after the initial exposure, no symptoms or illness were reported. In light of this 
documentation, it was apparent that much of the VX was destroyed and/or absorbed upon decontamination thereby 
sufficient poisoning was avoided. Obviously, the non-volatile nature of VX is what ultimately saved his life; 
nevertheless, other documented cases involving VX resulted in death and/or permanent injury to those exposed. 


Intermediate syndromes 


Intermediate syndromes are hard to classify and diagnose. In particular, acute neurotoxic syndrome can follow the 
initial cholinergic period of nerve agent poisoning. The syndrome includes paralysis of limbs and repository 
muscles. These symptoms may be delayed in some people due to peripheral neuropathy, which seems different 
from classic delayed polyneuropathy. This intermediate syndrome has only been reported in a few cases, but its 
existence in more cases is probable. Other intermediate syndromes probably exist, but information on such 
syndromes is hard to achieve at this time. 


Recovery 


In general, recovery from mild exposures to nerve gas is rapid, although in some studies, 20% of exposed personnel 
had symptoms beyond 2 weeks. 10% had symptoms beyond 3 weeks. In a few cases, persons exposed to mild doses 
of nerve agents suffered from symptoms for up to 2 years. It is probable that symptoms in this manner can range for 
more then 2 years. Recovery for personnel exposed to moderate or high concentrations may vary. As previously 
discussed, symptoms may be different in other people as well as the results. Symptoms in some cases lasted for 
years, where as other cases symptoms only lasted for several days to several weeks. In other terms, eye and skin 
exposure can yield different results with symptoms lasting for different periods of time then by contact through 
inhalation, and each nerve agent is essentially a unique species with its own clinical theories and trials. Recovery in 
essence, is dependent on methods of body entry, individual persons, and exact quantities of nerve agent 
encountered. In most regards, only about 60% of exposed cases documented to date have made full and non- 
restrictive recoveries. This percentage is based on documented cases of exposed personnel to non-lethal amounts of 
nerve agent. Exposure to lethal concentrations usually results in death, and recovery information need not be 
discussed. 

In summary, the recovery of victims of nerve gas exposure fluctuates. No guarantee can be given to those exposed 
to nerve gas that they will make full recoveries, and it is likely that most people exposed to them will suffer from 
symptoms for years to come. In essence, there is no real recovery of persons exposed to nerve gas. In some cases, 
people have died over a year after being exposed to various levels of nerve gas. Some people make full recoveries, 
and some people don’t. The threat of long-term effects in exposed personnel is like cancer in many regards; some 
people get it, some people don’t. How this translates on a genetic level is still unknown due to a lack of nerve agent 
and clinical research. It is safe to say that exposure in any sense to nerve agents should be avoided at all costs. 


Summary and conclusion 


Nerve agents are highly toxic compounds, which inspire fear and intimidation in the hearts and minds of many. 
Nerve agents produce lethal results in microgram per kilogram quantities. Their main effects are caused by 
irreversible inhibition of the crucial enzyme AChE, producing signs and symptoms resulting from excess ACh 
buildup in the system. This build up of ACh causes over stimulating effects on parts of the nervous system. They 
also inhibit a variety of other enzymes, but these biological consequences are poorly understood and researched. 
This same scenario applies to their interactions with neural receptors and cell membranes. 

Some nerve agents such as tabun and sarin are very volatile, resulting in significant threat to the respiratory system; 
via inhalation. The volatility of these nerve agents makes them less of a threat to skin contact, and exposure through 
ingestion is very rare. Soman thiosarin, NPF, and cyclosarin are less volatile and more persistent. These more 
persistent agents present a much greater hazard through skin exposure then sarin or tabun. VX, VXIT, and V-sub x 
demonstrate outstanding persistence, and toxicity. These agents can remain in the environment for months at a 
time, and they possess extreme hazards through skin and eye absorption, and through inhalation. 

Intoxications with nerve agents produce a variety of signs of symptoms including seizures, respiratory distress, 
unconsciousness, and circulatory collapse, which can lead to brain and cardiac injuries that can last for long periods 
of time. Delayed neuropathy from inhibition of AChE, and excessive ACh buildup is rare, but probable. Sarin and 
soman have produced delayed neuropathy in laboratory animals, but no reports in humans have been filed at this 
time. It is unknown whether cyclosarin, thiosarin, NPF, VX, or V-sub x are capable of producing delayed 
neuropathy, but it is likely. 

The eyes are very sensitive to nerve agents, but direct exposure is limited; nevertheless, symptoms of eye exposure 
are constriction of pupils, pain and difficulty focusing, dim vision, and dilated conjunctival vessels. Respiratory 
symptoms include headache, confusion, anxiety, dizziness, rapid or abnormal heart rate, constriction, tightness in 
chest, nausea, vomiting, and runny nose. Ingestion, although rare, includes the following symptoms: cramps, 
gastrointestinal disorders, gas, nausea, vomiting, internal bleeding, dizziness, dim vision, tingling sensation in 
finger tips, and difficulty in remembering things. In all of these cases, symptoms from exposure can be from low 


concentrations to moderate concentrations. Exposure to high concentrations is usually fatal, but similar symptoms. 
may be felt prior to death. 

The persistence of nerve agents varies, but most them are considered very persistent. Many nerve agents can remain 
trapped on or within dust particles, wood particles, soil, vegetation, and skin particles. Dust particles and micro fine 
particles from plants and even skin can be inhaled leading to potential poisoning. Dust particles are of particular 
hazard as they can trap a significant amount of agent; dust can be carried over large areas. 

Humans retain about 85% of inhaled nerve gas, and some is trapped in the mucous of the respiratory tract. Trapped 
agents in mucous can remain inactive for periods of several hours to several days; where upon they are absorbed 
into the body leading to systematic poisoning. 

Nerve agents are highly toxic phosphorus compounds capable of killing and/or injury many people. Nerve agents 
can be used on multiple levels for military operations. They can be used for direct enemy exposure, tactical 
operations, to produce detours or “road blocks”, and/or general casualty production. Nerve agents can be used not 
only to kill enemy personnel, but also to cause mass casualties and confusion. Casualties caused by nerve agents 
can render series problems for medical and rescue personnel, which can seriously disrupt current military offensive 
or defensive operations. Nerve agents can be used to divert troop movements by specifically contaminating 
strategic areas. Large areas can be contaminated with specific agents like VX to completely disable, or hamper 
enemy troop movements; even with masked personnel, movement and function in areas contaminated with VX or 
other agents is extremely difficult, and it is impossible for soldiers to remain completely masked for periods over 3 
consecutive days. Note: Think about how difficult it would be to function in a contaminated environment 
completely masked: unable to feed, unable to urinate or defecate, and the physiologic effects of begin trapped or 
closterphobic due to chemical suit and mask. Gas masks become very difficult to wear for periods more then 24 
hours, as sweat and itching develops on the face followed by irritability. 

Nerve agents by far are the most effective chemical warfare agents known. They are highly toxic and persistent, 
and their use has been questioned and debated my many nations. To date, no nerve agents have actually been used 
in large warfare operations, but it is probable that some day they will. Until that day, only a few documented cases 
of exposure can be used for clinical and medical studies. Mass dissemination of nerve agents would defiantly cause 
severe casualties not only to military personnel, but to civilians as well. The long-term effects of such an event can 
only be speculated, but it would be presumed to have devastating consequences. 

Regardless of all the politics and meetings, and special debates, it is highly unlikely that nerve agents will ever be 
banned completely. The potential of nerve agents being manufactured and used by various nations is very high. 
Most nations probably have stockpiles of chemical warfare agents on hand, regardless of attempts by some nations 
to curb manufacture and stockpiling. The US and several other western nations try hard to curb manufacture and 
stockpiling of nerve agents, and the US pays countries willing not to manufacture them. Regardless of these efforts 
by the US and other nations, production of nerve agents will always be a reality, and the potential for them being 
used will always be a major concern. 


1. Sarin. GB; Trilon 46; Isopropylmethylphosphonofluoridate; 
Isopropoxymethylphosphoryl fluoride; propan-2-yl methylphosphonofluoridate 


Molecular Formula: C4HjgFO2P Formula Weight: 140.0931652 
Composition: C(34.29%) H(7.19%) | Molar Refractivity: 29.32 + 0.3 cm* 
F(13.56%) O(22,84%) P(22.11%) 
Molar Volume: 130.8 + 3.0 cm? Parachor: 289.9 + 4.0 cm’ 
Index of Refraction: 1.366+0.02 | Surface Tension: 24.0 + 3.0 dyne/em 
Density: 1.070 + 0.06 g/cm? Polarizability: 11.62 + 0.5 107cm* 
RDBE: 1 Monoisotopic Mass: 140.040244 Da 
Nominal Mass: 140 Da Average Mass: 140.0932 Da 
M+: 140.039695 Da M-: 140.040792 Da 
[M+H]+: 141.04752 Da | [M+H]-: 141.048617 Da 
[M-H]+: 139.03187 Da [M-H]-: 139.032967 Da 
Smiles: CC(C)OP(C)(F)=O InChI = 1S/C4H10FO2P/cl -4(2)7- 
8(3,5)6/h4H, 1 -3H3 


Sarin is a colorless, amber, or brownish to brownish-amber liquid with no odor when pure. Contaminated and/or 
impure sarin may have a weak fruity odor, similar to a weak ethyl acetate solution. Sarin has a boiling point of 146 
Celsius (with decomposition), but can easily be distilled under vacuum; boiling point: 56 Celsius at 16 millimeters 

of mercury. It is soluble in water in all proportions, and is readily soluble in most common organic solvents, 
including methylene chloride, ether, acetone, ethanol, dimethyl sulfoxide, dimethyl formamide, and acetonitrile. 

Sarin is also readily soluble in cooking oil, olive oil, fats, oils, and lipids. Sarin is rapidly hydrolyzed by water, and 
will be completely decomposed by it within a day. Sarin has a half-life of about 1 hour at 150 Celsius. Droplets of 
sarin into water will persist for only several hours at room temperature, and straight droplets of the agent on the 
ground may only persist for several hours due to the volatility; sarin evaporates at the same rate as water, so on 

warm sunny days, its persistence is very low. Sarin is most effective when used within closed environments, 

tunnels, rooms, buildings, and bunkers. Solutions of bases, such as sodium hydroxide, sodium carbonate. or 
potassium hydroxide decompose sarin rapidly, producing relatively non-toxic products. Standard military 
decontamination kits are more then satisfactory for its decontamination. Bleaching powder, or Clorox bleach 
completely destroys sarin, and should be used in all cases to decontaminate, destroy, or clean any contaminated 
environments. Sarin can be effectively decontaminated using aerosols, explosives munitions, atomizers or 
humidifiers, or foggers. Toxicity: Lethal dose 50% of population i.p. in mice: 0.420 milligrams per kilogram 
of body weight. The lethal dose for the average man is about 0.010 milligrams per kilogram (800 micrograms 
lethal dose for a man of 180 pounds of weight). When used properly, 4 milligrams of sarin can kill 5 soldiers. 
Sarin is a fast acting nerve agent capable of causing casualties within minutes of dissemination. Personnel 
exposed to non-lethal amounts of the agent may still become incapacitated within 10 minutes of exposure, 
and will become unable to perform their normal duties as soldiers. Those personnel exposed to lethal doses 
will be dead within 10 to 60 minutes. Sarin is highly toxic through ingestion, inhalation, skin absorption and 
eye absorption. 


OVERALL RATING 


(scale from 1 to 10) 


Effectiveness (as nerve agent): 7 


Field Stability: 6 


Persistence (open area): 6 


Storage stability: 8 


Persistence (enclosed area): 8 


Toxicity (as nerve agent): 7 


TOTAL EFFECTIVENESS (as nerve agent): 7 
OVERALL TOXICITY (as warfare agent): 8 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 

suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl chloride. Then, stopper the 
bottle, and then shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After | hour, 


stop shaking, and then place the sto 
filter-off the precipitated solid, and 
solid is thoroughly dry, dissolve it i 
Celsius by use of an ice bath. Then, 


ppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
nto 146 milliliters of methylene chloride, and then chill this mixture to 0 
place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel. 


and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 


methylene chloride mixture thoroug! 


nly during the addition of the hydrochloric acid. After the addition of the 


hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 


and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of sarin 


Into a suitable flask, place 50 milliliters of anhydrous toluene, 3.1 grams of anhydrous sodium fluoride, and 
then 4 grams of anhydrous isopropyl alcohol. Thereafter stir the mixture at room temperature for 15 minutes or 
until all ingredients are dissolved. Then heat the mixture to 80 Celsius under reflux, and when the temperature 
reaches 80 Celsius, slowly add portion wise, 10 grams of the product obtained in step 1. After the addition of the 
methyl phosphonic dichloride product obtained in step 1, continue to stir the reaction mixture, and then reflux the 
reaction mixture at 80 Celsius for about 1 hour. After 1 hour, remove the heat source, and allow the reaction 

mixture to cool to room temperature. Thereafter, filter the reaction mixture to remove any insoluble impurities, and 
then place the filtered reaction mixture into a rotary evaporator, and evaporate-off the toluene under vacuum. Note: 
The toluene mixture can be used directly in chemical warfare operations, when disseminated properly. When 
all the toluene has been removed, remove the remaining residue, and then place said residue into a clean vacuum 
distillation apparatus, and distill the sarin at 56 Celsius under a vacuum of 16 millimeters of mercury to obtain a 
crude sarin product. Note: This crude sarin product need not be purified for use in chemical warfare 
operations. Purification of the sarin is only desired if the sarin is to be mixed with other agents. 


Step 3: Purification 


Setup the apparatus displayed below, thereafter prepare the silica gel with the following process: Pour 200 
milliliters of distilled water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 
mesh while gradually stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 

minutes, and thereafter, carefully decant-off the “fines”. The fines are particles of matter that need to be removed to 
ensure a good flow rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is 
closed), as pictured in the following figure. Thereafter, pour in distilled water until the glass column is nearly full. 
Then gently open the stopcock, and drain off most of the water, until only about 10 centimeters of water remains 
above the silica gel layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully 
drain-off the ether until most of it has passed through (by this time most of the water should have been removed). 
Thereafter, close the stopcock, and then add enough isopropyl ether into the glass column until the glass column is 
nearly full. Then, gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour 
the crude sarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass 
column, drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the 
stopcock. Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the 
bottom), and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour 
enough fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is 
closed). Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion 
(containing the sarin) contained in the beaker into the glass column. Allow most of the ether to drain into the 
receiver flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing the 
mixture into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place 
the ether mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the 
ether has been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then 
vacuum distill the sarin at 56 Celsius under a vacuum of 16 millimeters of mercury to obtain a purified sarin 
product, well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the isopropyl ether, 
the ether mixture may be used in chemical warfare operations, and is actually preferred as a method of 
storing, preserving, and protecting the sarin from decomposition. Mixtures of sarin with ether, or methylene 
chloride can be effectively used to disseminate the sarin in wartime operations. Mixtures of sarin in a solvent 
such as methylene chloride or ether may persist up to two or three times longer then straight sarin in 
wartime operations. 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 
suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl chloride. Then, stopper the 
bottle, and then shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for I hour to dissolve all solids. After | hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
solid is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 50 
milliliters of methylene chloride. Then cool the flask to 0 Celsius by means of an ice bath. When the temperature 
of the methylene chloride mixture reaches 0 Celsius, slowly add, drop-wise, 3.1 grams of 48 % hydrofluoric acid. 
During the addition, stir the reaction mixture and keep it’s temperature around 0 Celsius. After the addition, stir the 
reaction mixture for 1 hour at 0 Celsius. After 1 hour, remove the ice bath, and then remove the upper water layer 
using a separatory funnel. Thereafter, pour the bottom methylene chloride layer into reflux apparatus, and gently 
reflux the mixture at about 60 Celsius while stirring for 1 hour. Afterwards, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then add the other 5 grams of the product obtained in step 1, 50 
additional milliliters of methylene chloride, and then stir the mixture at room temperature for 15 minutes. Then 
add drop-wise, 4 grams of anhydrous isopropyl alcohol over a sufficient time as to keep the reaction mixture 
around room temperature. During the addition, stir the reaction mixture. After the addition, continue to stir the 
reaction mixture at room temperature for about | hour, and then place the reaction mixture into a reflux apparatus, 
and reflux at 60 Celsius for 1 hour. Thereafter, filter-off any precipitated impurities, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 
solvent under mild vacuum. If vacuum apparatus is not available, remove the methylene chloride by distillation at 
40 Celsius. Note: The methylene chloride mixture can be used directly in chemical warfare operations, when 
disseminated properly. When the methylene chloride solvent has been evaporated, remove the remaining residue, 
and place it into a clean vacuum distillation apparatus, and distil the sarin at 56 Celsius under a vacuum of 16 
millimeters of mercury to obtain a crude sarin product. Note: this crude sarin product need not be purified for 
use in chemical warfare operations. Purification of the sarin is only desired if the sarin is to be mixed with 
other agents. 


Step 3: Purification 


Setup the apparatus illustrated in previous, thereafter prepare the silica gel with the following process: Pour 200 
milliliters of distilled water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 
mesh while gradually stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 

minutes, and thereafter, carefully decant-off the “fines”. The fines are particles of matter that need to be removed to 
ensure a good flow rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is 
closed), as pictured in the following figure. Thereafter, pour in distilled water until the glass column is nearly full. 
Then gently open the stopcock, and drain off most of the water, until only about 10 centimeters of water remains 


above the silica gel layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully 
drain-off the ether until most of it has passed through (by this time most of the water should have been removed). 
Thereafter, close the stopcock, and then add enough isopropyl ether into the glass column until the glass column is 
nearly full. Then, gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour 
the crude sarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass 
column, drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the 
stopcock. Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the 
bottom), and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour 
enough fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is 
closed). Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion 
(containing the sarin) contained in the beaker into the glass column. 


Allow most of the ether to drain into the receiver flask. After which, remove the receiver flask from the apparatus, 
and then remove any water by placing the mixture into a separatory funnel, and draining off the bottom water layer. 
After any water has been removed, place the ether mixture into a clean rotary evaporator, and distill-off the 
isopropyl ether under mild vacuum. When all the ether has been removed, take out the remaining residue, and place 
into a clean vacuum distillation apparatus. Then vacuum distill the sarin at 56 Celsius under a vacuum of 16 
millimeters of mercury to obtain a purified sarin product, well suitable for use in chemical warfare cocktails. Note: 
instead of distilling-off the isopropyl ether, the ether mixture may be used in chemical warfare operations, 
and is actually preferred as a method of storing, preserving, and protecting the sarin from decomposition. 
Mixtures of sarin with ether, or methylene chloride can be effectively used to disseminate the sarin in 
wartime operations. Mixtures of sarin in a solvent such as methylene chloride or ether may persist up to two 
or three times longer then straight sarin in wartime operations. 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a lecture 
bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a suitable glass 
stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of cold phosphorus 
trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl chloride. Then, stopper the bottle, and then 
shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off some of the 

liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be replaced by 
rapidly bubbling 11 grams of ice cold methyl! chloride gas into the phosphorus trichloride/aluminum chloride 
mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After 1 hour, stop 


shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, filter- 
off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the solid 
is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 Celsius by 
use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, and then 
add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the methylene 
chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the hydrochloric 
acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius or lower 
during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the upper 
water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation apparatus, or 
rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum apparatus is 
unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent has been 
removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, and distil 
the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or clear liquid 
of methyl phosphonic dichloride. 


Step 2: Preparation of sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 100 
milliliters of toluene. Thereafter, add 3.1 grams of anhydrous sodium fluoride and then begin rapidly stirring the 
mixture. Then place the mixture into a reflux apparatus and reflux the mixture at 90 Celsius for 1 hour. After 
refluxing for 1 hour, remove the heat source, and then allow the reaction mixture to cool to room temperature. 
Thereafter, filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction 
mixture into a rotary evaporator, and evaporate-off the toluene under vacuum, When all the toluene has been 
removed, remove the remaining residue, and then place said residue into a clean flask, and then add 100 milliliters 
of methylene chloride, followed by the other 5 grams of the product obtained in step 1. Note: stir the mixture 
thereafter to dissolve the residue into the methylene chloride. Then add drop wise, 4 grams of anhydrous 
isopropyl alcohol over a period of about 5 minutes, while stirring the reaction mixture and maintaining the reaction 
mixtures temperature at room temperature. After the addition of the isopropyl alcohol, continue to stir the reaction 
mixture for | hour at room temperature. Thereafter, reflux the reaction mixture at 60 Celsius for | hour while 
stirring. After the reflux period, remove the heat source and allow the reaction mixture to cool to room temperature. 
Then filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction mixture into 
a rotary evaporator and evaporate-off the methylene chloride under mild vacuum. If vacuum apparatus is 
unavailable, distill-off the methylene chloride at 40 Celsius. Note: The methylene chloride mixture can be used 
directly in chemical warfare operations, when disseminated properly. When the methylene chloride has been 
removed, remove the reaming residue and place into a clean vacuum distillation apparatus, and distill the sarin at 
56 Celsius under a vacuum of 16 millimeters of mercury to obtain a crude sarin product Note: this crude sarin 
product need not be purified for use in chemical warfare operations. Purification of the sarin is only desired 
if the sarin is to be mixed with other agents. 


Step 3: Purification 


Setup the apparatus illustrated in previous, thereafter prepare the silica gel with the following process: Pour 200 
milliliters of distilled water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 
mesh while gradually stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 
minutes, and thereafter, carefully decant-off the “fines”. The fines are particles of matter that need to be removed to 
ensure a good flow rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is 
closed), as pictured in the following figure. Thereafter, pour in distilled water until the glass column is nearly full. 
Then gently open the stopcock, and drain off most of the water, until only about 10 centimeters of water remains 
above the silica gel layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully 
drain-off the ether until most of it has passed through (by this time most of the water should have been removed). 
Thereafter, close the stopcock, and then add enough isopropyl ether into the glass column until the glass column is 
nearly full. Then, gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour 
the crude sarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass 
column, drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the 
stopcock. Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the 
bottom), and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour 
enough fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is 
closed). Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion 


(containing the sarin) contained in the beaker into the glass column. Allow most of the ether to drain into the 

receiver flask, After which, remove the receiver flask from the apparatus, and then remove any water by placing the 
mixture into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place 
the ether mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the 
ether has been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then 
vacuum distill the sarin at 56 Celsius under a yacuum of 16 millimeters of mercury to obtain a purified sarin 

product, well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the isopropyl] ether, 

the ether mixture may be used in chemical warfare operations, and is actually preferred as a method of 
storing, preserving, and protecting the sarin from decomposition. Mixtures of sarin with ether, or methylene 
chloride can be effectively used to disseminate the sarin in wartime operations. Mixtures of sarin in a solvent 
such as methylene chloride or ether may persist up to two or three times longer then straight sarin in 
wartime operations. 
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Into an apparatus as illustrated below, pour into the reaction flask a pre-prepared solution containing 164 grams of 
methyl magnesium chloride in 500 milliliters of dry diethyl ether (prepared by passing dry methyl chloride gas 
into a reaction mixture containing magnesium turnings in ether), followed by 174 grams of pyridine. Thereafter, 
pour into the first addition funnel, 132 grams of pure dry isopropyl alcohol (dried by adding metallic sodium to 
isopropyl alcohol, followed by distillation), and then pour into the second addition funnel a solution made by 
adding and dissolving 301 grams of phosphoryl dichlorofluoride into 750 milliliters of dry diethyl ether. 
Thereafter, place the apparatus in a dry ice/acetone bath containing 20% dry ice/ and 80% acetone. Thereafter, once 
the ingredients in the reaction flask have been cooled to —20 Celsius, turn on the motorized stirrer to high speed for 
15 minutes, and then slowly begin to add in, from the first addition funnel the pure dry isopropyl alcohol, and then 
at the same time, begin to slowly add in the phosphoryl dichlorofluoride/ether mixture in the second addition funnel 
into the reaction mixture while rapidly blending the reaction mixture and maintaining its temperature around —20 
Celsius at all times. Note: the addition of the isopropyl alcohol and phosphoryl dichlorofluoride should be added at 
arate so as both liquids are added to the reaction mixture at the same time. Once all the isopropyl alcohol, and 
phosphoryl dichlorofluoride/ether mixture has been added from the addition funnels, continue to stir the reaction 
mixture at a temperature around —10 to 0 Celsius for 2 hours. After 2 hours, remove the cooling bath and allow the 
reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction mixture during the 
warming period. Once the reaction mixture has warmed to room temperature, disassemble the apparatus, and then 
filter-off the insoluble by-products of pyridine hydrochloride, and magnesium chloride using a Buchner funnel 
under moderate suction, wash with two 250-milliliter portions of fresh dry diethyl ether, and then pour the 
filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous 
sodium carbonate, blend for 45 minutes, then filter-off the sodium carbonate using a clean Buchner funnel under 
strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether at 
35 Celsius under mild vacuum until no more ether passes over or is collected. When no more ether passes over or is 
collected, turn off the rotary evaporator, equalize the pressure, and then recover the left over oily residue that 
remains behind, and then place this left over oily residue into a standard vacuum distillation apparatus, and vacuum 
distill the oily residue at 56 Celsius under a vacuum of 16mm of mercury until no more desired product is collected 
or passes over. Once no more desired product is recovered, stop the distillation process, equalize the pressure, and 
then recover the oily liquid product of Sarin, and store it in a glass container in a cool dry place until use. 
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2. Thiosarin. GS. Sulfur sarin. Jsopropylethylthiophosphorusfluoridate; 
Isopropoxyethylthiophosphorus fluoride; O-isopropyl! 
methylphosphonofluoridothioate; O-propan-2-yl methylphosphonofluoridothioate 


H3C 
a 
P CH; 
x \ 
O——HC. 
CH, 
Molecular Formula: CaHioFOPS Formula Weight: 156.1587652 
Composition: C(30.77%) H(6.45%) | Molar Refractivity: 36.58 + 0.3 cm* 
F(12.17%) O(10.25%) P(19.83%) 
$(20.53%) 
Molar Volume: 138.7 + 3.0 em> Parachor: 331.4 + 4.0 cm” 
Index of Refraction: 1.440 + 0.02 Surface Tension: 32.5 + 3.0 dyne/cm 
Density: 1.125 + 0.06 g/cm? Polarizability: 14.50 + 0.5 107*cm? 
RDBE: 1 Monoisotopic Mass: 156.017399 Da 
Nominal Mass: 156 Da Average Mass: 156.1588 Da 
M+: 156.016851 Da M-: 156.017948 Da 
[M+H]+: 157.024676 Da [M+H]-: 157.025773 Da 
[M-H]+: 155.009026 Da [M-H]-: 155.010123 Da 
Smiles: CC(C)OP(C)(F)=S InChI = 18/C4H1IOFOPS/c1-4(2)6- 
7(3,5)8/h4H, 1 -3H3 


Very little data was obtainable on thiosarin. Thiosarin appears to be a liquid, most likely a clear liquid when pure, 
and rather amber to brown when impure. It has a boiling point of 144 to 160 Celsius at 760 millimeters of mercury, 
and it can be distilled at 10 millimeters of mercury at 32 to 48 Celsius. It probably has no odor, but impure thiosarin 
probably has an odor similar to impure sarin. Thiosarin volatizes quite readily into a colorless odorless vapor. It is 
only very slightly soluble in water (7 grams per liter) being slowly hydrolyzed, and it is very soluble in the usual 
organic solvents. Through simple observation it is evident that thiosarin would be more persistent then sarin, and 
would have a greater half-life then sarin due to the sulfur-phosphorus bond. The phosphorus-fluorine bond would 
definitely show some hydrolysis effect with water, but to a lesser extent then for sarin. It is safe to assume that 
thiosarin would have similar toxicity as that of sarin, but because of the sulfur-phosphorus bond, thiosarin would 
probably have significant delayed biological activity, making it more or less effective as a “nerve agent”. Thiosarin 
may be less effective then sarin, but may detoxify slower then sarin, increasing its overall long-term effectiveness 

as a nerve agent. The potential for thiosarin to act as an effective nerve agent is probable. Thiosarin can be 

effectively disseminated through aerosols, explosives munitions, atomizers or humidifiers, or foggers. Thiosarin is 

a moderate fast acting nerve agent capable of producing casualties within 24 to 48 hours after dissemination 
or exposure by personnel. The lethal dose in the average man is probably 1.5 to 4.5 milligrams by inhalation. 
Skin absorption or ingestion is more rapid then sarin, due to the sulfur-phosphorus bond. Thiosarin is highly 
toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 6 
Persistence (open area): 8 


Field Stability: 7 
Storage stability: 7 


Persistence (enclosed area): 9 


Toxicity (as nerve agent): 6 


TOTAL EFFECTIVENESS (as nerve agent): 7.1 
OVERALL TOXICITY (as warfare agent): 6%4 
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Step LA: Preparation of methyl thiophosphorus dichloride (method 1) 


Into a pressure vessel as illustrated below, place 190.2 grams of methyl disulfide, and then 274.8 grams of 
phosphorus trichloride. Thereafter seal the pressure vessel, and heat the ingredients in the pressure vessel to 275 
Celsius. Continue to heat the ingredients in the pressure vessel at 275 Celsius for 12 hours. Note: Read your 
pressure vessel operators manual thoroughly before using such pressure vessel. Pressures vessels can lead to 
dangerous explosions if not used properly. After heating for 12 hours, remove the heat source, and allow the 
reaction mixture ingredients to cool to room temperature. Thereafter, open the pressure vessel (use caution, as great 
pressure will be relieved; mostly in the form of gaseous methyl chloride by-product). After opening the pressure 
vessel, remove the contents there from, and place into a clean vacuum distillation apparatus, and fractionally distill 
the product at 70 Celsius under a vacuum of 50 millimeters of mercury to obtain the methyl thiophosphorus 
dichloride. 


Step 1B: Modified preparation for methyl thiophosphorus dichloride (this step can be used in place of step 
1A for the preparation of methyl thiophosphorus dichloride) 


Into a pressure vessel as illustrated below, place 54 grams of methyl disulfide, then 76 grams of phosphorus 
trichloride, and then add 4.6 grams of methyl iodide. Thereafter seal the pressure vessel, and heat the ingredients 
in the pressure vessel to 260 Celsius. Continue to heat the ingredients in the pressure vessel at 260 Celsius for 8 
hours. Note: Read your pressure vessel operators manual thoroughly before using such pressure vessel. Pressures 
vessels can lead to dangerous explosions if not used properly. After heating for 8 hours, remove the heat source, 
and allow the reaction mixture ingredients to cool to room temperature. Thereafter, open the pressure vessel (use 
caution, as great pressure will be relieved; mostly in the form of gaseous methyl chloride by-product). After 
opening the pressure vessel, remove the contents there from, and place into a clean vacuum distillation apparatus, 
and fractionally distill the product at 70 Celsius under a vacuum of S50 millimeters of mercury to obtain the methyl 
thiophosphorus dichloride. 


Step 2: Preparation of thiosarin 


Into a suitable flask, place 50 milliliters of toluene, and then add 4.2 grams of anhydrous sodium fluoride. 
Thereafter, add 6 grams of anhydrous isopropyl alcohol, and then stir the mixture at room temperature for several 
minutes. Then heat the mixture to about 80 Celsius under reflux, and then carefully add portion-wise, 15 grams of 
the product obtained in step 1A or step 1B. During the addition, stir the reaction mixture and maintain its 
temperature at 80 Celsius. After the addition, continue to heat the reaction mixture at 80 Celsius, and continue 
stirring for an additional 60 minutes. After heating and stirring for 60 minutes, remove the heat source, and allow 
the reaction mixture to cool to room temperature. Then filter-off any insoluble impurities, and then place the 
filtered reaction mixture into a rotary evaporator or vacuum distillation apparatus and remove the toluene under 
vacuum. When all the toluene has been removed, remove the remaining residue, and place into a clean vacuum 
distillation apparatus, and distill the thiosarin at 10 millimeters of mercury at 32 to 48 Celsius to obtain a refined 
thiosarin product. Purification if desired, may be carried out by using a silica gel column filled with aluminum 
oxide, or silica. 
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Into a reaction flask, place a pre-prepared solution containing 53 grams of methyl magnesium chloride in 300 
milliliters of dry diethyl ether (prepared by passing dry methyl chloride gas into a reaction mixture containing 
magnesium turnings in ether), followed by 56 grams of pyridine. Thereafter, pour into the first addition funnel, 43 
grams of pure dry isopropyl alcohol (dried by adding metallic sodium to isopropyl alcohol, followed by 
distillation), and then pour into the second addition funnel a solution made by adding and dissolving 109 grams of 
thiophosphoryl dichlorofluoride into 500 milliliters of dry diethyl ether. Thereafter, place the apparatus in a dry 
ice/acetone bath containing 20% dry ice/and 80% acetone. Thereafter, once the ingredients in the reaction flask 
have been cooled to —20 Celsius, turn on the motorized stirrer to high speed for 15 minutes, and then slowly begin 
to add in, from the first addition funnel the pure dry isopropyl alcohol, and then at the same time, begin to slowly 
add in the thiophosphoryl dichlorofluoride/ether mixture in the second addition funnel into the reaction mixture 
while rapidly blending the reaction mixture and maintaining its temperature around —20 Celsius at all times. Note: 
the addition of the isopropyl alcohol and thiophosphoryl dichlorofluoride should be added at a rate so as both 
liquids are added to the reaction mixture at the same time. Once all the isopropyl alcohol, and thiophosphoryl 
dichlorofluoride/ether mixture has been added from the addition funnels, continue to stir the reaction mixture at a 
temperature around —10 to 0 Celsius for 2 hours. After 2 hours, remove the cooling bath and allow the reaction 
mixture to warm to room temperature. Note: continue to rapidly blend the reaction mixture during the warming 
period. Once the reaction mixture has warmed to room temperature, disassemble the apparatus, and then filter-otf 
the insoluble by-products of pyridine hydrochloride, and magnesium chloride using a Buchner funnel under 
moderate suction, wash with two 250-milliliter portions of fresh dry diethyl] ether, and then pour the filtered 
reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium 
carbonate, blend for 45 minutes, then filter-off the sodium carbonate using a clean Buchner funnel under strong 
suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether at 35 
Celsius under mild vacuum until no more ether passes over or is collected. When no more ether passes over or is 
collected, turn off the rotary evaporator, equalize the pressure, and then recover the left over oily residue that 
remains behind, and then place this left over oily residue into a standard vacuum distillation apparatus, and vacuum 
distill the oily residue at 79 Celsius under a vacuum of 21mm of mercury until no more desired product is collected 
or passes over. Once no more desired product is recovered, stop the distillation process, equalize the pressure, and 
then recover the oily liquid product of thiosarin, and store it in a glass container in a cool dry place until use. 


3. ChloroSarin. Isopropylmethylphosphonochloridate; Isopropoxymethylphosphoryl 
chloride 


cl ide ie 
NL CH 
ho cx 


Molecular Formula: CyHioClO2P. 


Formula Weight: 156.547762 


Vigne C(30.69%) H(6.44%) 
Cl(22.65%) (20.44%) PU9.79%) 


Molar Refractivity: 34.00 + 0.3 cm* 


an a ee + 3.0 cm* 


Parachor: 318.8 + 4.0 cm? 


Index of Refraction: 1.411 + 0.02 


Surface Tension: 29.4 + 3.0 dyne/em 


Density: 1.144 + 0.06 g/cm? 


Polarizability: 13.48 + 0.5 107cm* 


RDBE: | 


Monoisotopic Mass: 156.010693 Da 


Nominal Mass: 156 Da 
M+: 156.010145 Da 


Average Mass: 156.5478 Da 
M-: 156.011242 Da 


[M+H]+: 157.01797 Da 


[M+H]-: 157.019067 Da 


[M-H]+: 155.00232 Da 
Smiles: CC(C)OP(C)(C)=O0 


[M-H]-: 155.003417 Da 


| InChI = 1S/C4H10C102P/c 1 -4(2)7- 


8(3,5)6/h4H, 1-33 


Chlorosarin is a colorless liquid with a boiling point of 160 to 180 Celsius at 760 millimeters of mercury (begins to 
decompose at 150+ Celsius). It can be distilled at 63 to 75 Celsius under a vacuum of 25 millimeters of mercury. It 
is only slightly soluble in water (142 grams a liter), but it is very soluble in the usual organic solvents. Chlorosarin 
is only slowly hydrolyzed by water. The persistence of chlorosarin is probably similar to sarin, but less volatile. 
Very little data exists on this substance so exact numbers are unknown. The use of chlorosarin for warfare is not 
probable, but it can be used in military training operations. It is also used for calibrating chemical warfare field 
detecting equipment. Chlorosarin produces the usual nerve agent symptoms, but with less severity then sarin; the 
toxicity of chlorosarin is also less. Chlorosarin can be disseminated using aerosols, explosives munitions, atomizers 
or humidifiers, and foggers. Chlorosarin is a slow acting nerve agent capable of causing general casualties 
with 32 hours of dissemination or exposure by personnel. Toxicity in the average man ranges from 3 to 15 
milligrams by inhalation. Chlorosarin is highly toxic through ingestion, inhalation, and skin and eye 
absorption. 


OVERALL RATING (scale from 1 to 10) 

Field Stability: 7 

Storage stability: 7 

Toxicity (as nerve agent): 52 


Effectiveness (as nerve agent): 5 
Persistence (open area): 8 
Persistence (enclosed area): 9 


TOTAL EFFECTIVENESS (as nerve agent): 6.9 
OVERALL TOXICITY (as warfare agent): 5%4 


WATER 
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Chlorosarin 


Step 1: Preparation of methyl phosphonic dichloride 


Place 20 grams of pure phosphorus trichloride, 19.4 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 
suitable glass stoppered bottle, place 19.4 grams of cold anhydrous aluminum chloride, and then 20 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 22 grams of liquid methyl chloride. Then, stopper the 
bottle, and then shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 22 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After | hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When 
the solid is thoroughly dry, dissolve it into 292 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 36.8 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of chlorosarin 


Prepare a solution by adding and dissolving 20 grams of the product obtained in step 1 into 40 grams of 
toluene. Thereafter, add 10 grams of pyridine. and then stir the mixture for 10 minutes at room temperature. Then 
place the mixture into a cooling bath, and chill to about 0 Celsius by means of an ice. When the temperature of the 
mixture reaches 0 Celsius, add drop-wise, 9 grams of anhydrous isopropyl alcohol over a sufficient time as to 
maintain the reaction temperature around 0 Celsius. During the alcohol addition, rapidly stir the reaction mixture. 
After the alcohol addition, continue to stir reaction mixture for | hour at 0 Celsius. Thereafter, remove the cooling 
bath, and allow the reaction mixture to warm to room temperature, and thereafter stir the reaction mixture for 1 
hour. Then pour the entire reaction mixture into 70 milliliters of ice water, and then stir the mixture for 10 minutes. 
Immediately thereafter, remove the upper toluene layer using a separatory funnel, or by decantation, and then add 5 
grams of anhydrous calcium chloride, and stir the toluene layer for 5 minutes. Immediately thereafter, filter-off 
the insoluble calcium chloride, and then place the filtered toluene mixture into a rotary evaporator or vacuum 


distillation apparatus, and remove the toluene under vacuum, and under a temperature of 30 Celsius. After the 
toluene has been removed, place the remaining residue into a clean vacuum distillation apparatus, and distill the 
chlorosarin at 63 to 75 Celsius under a vacuum of 25 millimeters of mercury to obtain a refined chlorosarin 
product. 


4, Ethyl-Sarin. Isopropylethylphosphonofluoridate; Isopropoxyethylphosphoryl fluoride 


pe ° 
HC 4 
HC y 
Molecular Formula: CsHj2FO2P | ~~ Formula Weight: 154.1197452 
Composition: C(38.97%) H(7.85 %) Molar Refractivity: 33.95 + 0.3 cm? 
F(12.33%) O(20.76%) P(20.10%) 
Molar Volume: 147.4 + 3.0 cm° Parachor: 329.7 + 4.0 cm’ 
Index of Refraction: 1.377 + 0.02 Surface Tension: 25.0 + 3.0 dyne/cm 
Density: 1.045 + 0.06 g/cm* Polarizability: 13.46 + 0.5 10cm’ | 
RDBE: | Monoisotopic Mass: 154.055894 Da 
Nominal Mass: 154 Da Average Mass: 154.1197 Da 
M+: 154.055345 Da M-: 154.056442 Da 
(M+H]+: 155.06317 Da [M+H]-: 155.064267 Da 
[M-H]+: 153.04752 Da | [M-H]-: 153.048617 Da 
Smiles: CC(C)OP(F)(=O)CC InChl = 1S/C5H12FO2P/c1-4- 
9(6,7)8-5(2)3/h5H,4H2, | -3H3 


Sarin-ethyl has similar physical properties to sarin, and similar environmental persistence. Little information exits 

on sarin-ethyl, but it is a colorless to light amber liquid, with a boiling point of 170 to 179 Celsius. It can be 
distilled at 66 to 73 Celsius under a vacuum of 20 millimeters of mercury. Its persistence would be greater then 

sarin, and it would hydrolyze in water at slower rates. It is only slightly soluble in water (84 grams per liter), but it 

is very soluble in the usual organic solvents. Sarin-ethyl could be used as a substitute for sarin. It can be 
disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. Ethyl-sarin is a fast 

acting nerve agent capable of causing causalities within minutes of dissemination. Toxicity of sarin-ethy] is 
probably in the range of 950 micrograms to 2500 micrograms per person by inhalation. Sarin-ethyl is highly 
toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8 | Field Stability: 7 
Persistence (open area): 8 | Storage stability: 8 
Persistence (enclosed area): 9 | Toxicity (as nerve agent): 7% 


TOTAL EFFECTIVENESS (as nerve agent): 7.9 
OVERALL TOXICITY (as warfare agent): 7/2 
WARNING! oa ING! 
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ABSORPTION 


PREPARATION I: 


cl 
/ Cl 
Alcl © 
oa 3 3 35% HCI A 
H3C————C methylene chloride Ps 
cl 0 Celsius 0 Celsius H3C \ 
filter stir Cl 


phosphorus trichloride 


| ; 
CH,—P—— He ‘a _—> 
/ | 4 reflux 60 Celsius__—*—~" methylene chloride 
HC L CH—CH = 99% alcohol 
H,C 
Ethyl-sarin 


Step 1: Preparation of ethyl phosphonic dichloride 


Into a suitable sized flask, place 26.6 grams of anhydrous aluminum chloride (pre-chilled in a freezer at 0 
Celsius). Thereafter, add in 27.4 grams of pure phosphorus trichloride (also pre-chilled in a freezer at 0 Celsius), 
followed by 38.6 grams of anhydrous liquid ethy! chloride (from a lecture bottle, or liquid dispensed from proper 
container chilled to 0 Celsius). Then securely stopper the bottle, and then place into a shaking machine (if 
available), and rapidly shake the flask for 30 minutes until all solids dissolve (note: a slight increase in heat will 
result). Then place the sealed flask into a refrigerator at 5 Celsius for 24 hours. Note: During the shaking, pressure 
may build up; so occasional venting may be needed. When venting, just slightly open the flask to avoid excess air 
from entering the flask. After 24 hours, remove the flask from the refrigerator, and then filter-off the insoluble 
precipitate. The insoluble precipitate should then be vacuum dried, and then stored in a desiccator filled with inert 
drying agent such as anhydrous sodium sulfate for 24 hours. The result will be about 36 grams of the aluminum 
chloride/phosphorus trichloride/ethyl chloride complex. After drying the complex in the desiccator for 24 hours, 
remove it, and then dissolve it into 400 milliliters of methylene chloride contained in a suitable flask. Then place 
said flask into an ice bath and chill to 0 Celsius. Thereafter add drop wise, at the rate of about 10 drops per minute, 
50.6 milliliters of conc. hydrochloric acid (pre-chilled to 0 Celsius) while stirring the methylene chloride mixture 
and maintaining its temperature around 0 Celsius. After the addition, continue to stir the reaction mixture at 0 
Celsius for about 90 minutes. After 90 minutes, filter-off any insoluble impurities, and then place the filtered 
mixture into a separatory funnel, and then remove the upper water layer. Thereafter, place the lower methylene 
chloride layer into rotary evaporator, and evaporate off the methylene chloride under mild vacuum. If vacuum 
apparatus is unavailable, carefully distill-off the methylene chloride at 40 Celsius. After the methylene chloride has 
been removed, remove the remaining contents, and place into a clean vacuum distillation apparatus, and vacuum 
distill at 71 Celsius under a vacuum of 12 millimeters of mercury. The result will be about 14 grams of a semi-solid 
to liquid mass of ethyl phosphonic dichloride. 


Step 2: Preparation of Ethyl-sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 50 
milliliters of methylene chloride. Then cool the flask to 0 Celsius by means of an ice bath. When the temperature 
of the methylene chloride mixture reaches 0 Celsius, slowly add, drop-wise, 2.8 grams of 48% hydrofluoric acid. 
During the addition, stir the reaction mixture and keep it’s temperature around 0 Celsius. After the addition, stir the 
reaction mixture for | hour at 0 Celsius. After | hour, remove the ice bath, and then remove the upper water layer 
using a separatory funnel. Thereafter, pour the bottom methylene chloride layer into a reflux apparatus, and gently 
reflux the mixture at about 60 Celsius while stirring for 1 hour. Afterwards, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then add the other 5 grams of the product obtained in step 1, 50 
additional milliliters of methylene chloride, and then stir the mixture at room temperature for 15 minutes. Then 
add drop-wise, 4 grams of anhydrous isopropyl alcohol over a sufficient time as to keep the reaction mixture 
around room temperature. During the addition, stir the reaction mixture. After the addition, continue to stir the 


reaction mixture at room temperature for about | hour, and then place the reaction mixture into a reflux apparatus, 
and reflux at 60 Celsius for 1 hour. Thereafter, filter-off any precipitated impurities, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 

solvent under mild vacuum. If vacuum apparatus is not available, remove the methylene chloride by distillation at 

40 Celsius. Note: The methylene chloride mixture can be used directly in chemical warfare operations, when 
disseminated properly. When the methylene chloride solvent has been evaporated, remove the remaining residue, 
and place it into a clean vacuum distillation apparatus, and distil the sarin-ethyl at 66 to 73 Celsius under a vacuum 
of 20 millimeters of mercury to obtain a crude sarin-ethyl product. Note: this crude ethyl-sarin product need not 
be purified for use in chemical warfare operations. Purification of the ethyl-sarin is only desired if the ethyl- 
sarin is to be mixed with other agents. 


Step 3: Purification of ethyl-sarin 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude sarin- 
ethyl product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, drip 
by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 

the sarin-ethyl) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver 
flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture 
into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then distill the 
sarin-ethyl at 66 to 73 Celsius under a vacuum of 20 millimeters of mercury to obtain a purified ethyl-sarin product. 
Note: instead of distilling-off the isopropyl ether, the ether mixture may be used in chemical warfare 
operations, and is actually preferred as a method of storing, preserving, and protecting the ethyl-sarin from 
decomposition. Mixtures of ethyl-sarin with ether, or methylene chloride can be effectively used to 
disseminate the ethyl-sarin in wartime operations. Mixtures of ethyl-sarin in a solvent such as methylene 
chloride or ether may persist up to two or three times longer then straight ethyl-sarin in wartime operations. 
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Step 1: Preparation of ethyl phosphonic dichloride 


Into a suitable sized flask, place 26.6 grams of anhydrous aluminum chloride (pre-chilled in a freezer at 0 
Celsius). Thereafter, add in 27.4 grams of pure phosphorus trichloride (also pre-chilled in a freezer at 0 Celsius), 
followed by 38.6 grams of anhydrous liquid ethyl chloride (from a lecture bottle, or liquid dispensed from proper 
container chilled to 0 Celsius). Then securely stopper the bottle, and then place it into a shaking machine (if 
available), and rapidly shake the flask for 30 minutes until all solids dissolve (note: a slight increase in heat will 
result). Then place the sealed flask into a refrigerator at 5 Celsius for 24 hours. Note: During the shaking, pressure 
may build up; so occasional venting may be needed. When venting, just slightly open the flask to avoid excess air 
from entering the flask. After 24 hours, remove the flask from the refrigerator, and then filter-off the insoluble 
precipitate. The insoluble precipitate should then be vacuum dried, and then stored in a desiccator filled with inert 
drying agent such as anhydrous sodium sulfate for 24 hours. The result will be about 36 grams of the aluminum 
chloride/phosphorus trichloride/ethyl chloride complex. After drying the complex in the desiccator for 24 hours, 
remove it, and then dissolve it into 400 milliliters of methylene chloride contained in a suitable flask. Then place 
said flask into an ice bath and chill to 0 Celsius. Thereafter add drop wise, at the rate of about 10 drops per minute, 
50.6 milliliters of conc. hydrochloric acid (pre-chilled to 0 Celsius) while stirring the methylene chloride mixture 
and maintaining its temperature around 0 Celsius. After the addition, continue to stir the reaction mixture at 0 
Celsius for about 90 minutes. After 90 minutes, filter-off any insoluble impurities, and then place the filtered 
mixture into a separatory funnel, and then remove the upper water layer. Thereafter, place the lower methylene 
chloride layer into a rotary evaporator, and evaporate off the methylene chloride under mild vacuum. Tf vacuum 
apparatus is unavailable, carefully distill-off the methylene chloride at 40 Celsius. After the methylene chloride has 
been removed, remove the remaining contents, and place into a clean vacuum distillation apparatus, and vacuum 
distill at 71 Celsius under a vacuum of 12 millimeters of mercury. The result will be about 14 grams of a semi- 
solid to liquid mass of ethyl phosphonic dichloride. 


Step 2: Preparation of ethyl-sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 100 
milliliters of toluene. Thereafter, add 2.8 grams of anhydrous sodium fluoride and then begin rapidly stirring the 
mixture. Then place the mixture into a reflux apparatus and reflux the mixture at 90 Celsius for 1 hour. After 
refluxing for 1 hour, remove the heat source, and then allow the reaction mixture to cool to room temperature. 
Thereafter, filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction 

mixture into a rotary evaporator, and evaporate-off the toluene under vacuum. When all the toluene has been 
removed, remove the remaining residue, and then place said residue into a clean flask, and then add 100 milliliters 
of methylene chloride, followed by the other 5 grams of the product obtained in step 1. Note: stir the mixture 
thereafter to dissolve the residue into the methylene chloride. Then add drop wise, 4 grams of anhydrous 
isopropyl alcohol over a period of about 5 minutes, while stirring the reaction mixture and maintaining the reaction 


mixtures temperature at room temperature. After the addition of the isopropyl alcohol, continue to stir the reaction 
mixture for 1 hour at room temperature. Thereafter, reflux the reaction mixture at 60 Celsius for 1 hour while 
stirring. After the reflux period, remove the heat source and allow the reaction mixture to cool to room temperature. 
Then filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction mixture into 
a rotary evaporator and evaporate-off the methylene chloride under mild vacuum. If vacuum apparatus is 
unavailable, distill-off the methylene chloride at 40 Celsius. Note: The methylene chloride mixture can be used 
directly in chemical warfare operations, when disseminated properly. When the methylene chloride has been 
removed, remove the reaming residue and place into a clean vacuum distillation apparatus, and distill the sarin- 
ethyl at 66 to 73 Celsius under a vacuum of 20 millimeters of mercury to obtain a crude ethyl-sarin product. Note: 
this crude ethyl-sarin product need not be purified for use in chemical warfare operations. Purification of 
the ethyl-sarin is only desired if the ethyl-sarin is to be mixed with other agents. 


Step 3: Purification of ethyl-sarin 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude ethyl- 
sari product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, drip 
by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 

the ethyl-sarin) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver 
flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture 
into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then distill the 
sarin-ethyl at 66 to 73 Celsius under a vacuum of 20 millimeters of mercury to obtain a purified ethyl-sarin product. 
Note: instead of distilling-off the isopropyl ether, the ether mixture may be used in chemical warfare 
operations, and is actually preferred as a method of storing, preserving, and protecting the ethyl-sarin from 
decomposition. Mixtures of ethyl-sarin with ether, or methylene chloride can be effectively used to 
disseminate the ethyl-sarin in wartime operations. Mixtures of ethyl-sarin in a solvent such as methylene 
chloride or ether may persist up to two or three times longer then straight ethyl-sarin in wartime operations. 


5. Isopropyl-sarin. Jsopropyl-2-propylphosphonofluoridate; Isopropoxy-2- 
propylphosphoryl fluoride 


HC 
CH 
4 
Molecular Formula: C6H;4FO2P Formula Weight: 168.1463252 
Composition: C(42.86%) H(8.39%) Molar Refractivity: 38.54 + 0.3 cm? 
F(11.30%) O(19.03%) P(18.42%) 
Molar Volume: 164.2 + 3.0 cm* Parachor: 366.9 + 4.0 cm? 
Index of Refraction: 1.385 + 0.02 Surface Tension: 24.8 + 3.0 dyne/em 
Density: 1.023 + 0.06 g/cm’ Polarizability: 15.28 + 0.5 10cm’ 
RDBE: 1 Monoisotopic Mass: 168.071544 Da 
Nominal Mass: 168 Da Average Mass: 168.1463 Da 
M+: 168.070995 Da M-: 168.072092 Da 
[M+H]+: 169.07882 Da [M+H]-: 169.079918 Da 
[M-H]+: 167.06317 Da |M-H]-: 167.064267 Da 
Smiles: CC(C)OP(F)(=O)C(C)C InChI = 1S/C6H14FO2P/c 1-5(2)9- 
10(7,8)6(3)4/h5-6H, 1-4H3 


Isopropyl-sarin forms a colorless to lightly colored liquid with a boiling point of 185 Celsius at 760 millimeters of 
mercury. It begins to decompose when heated above 150 Celsius, but it can be distilled at 87 Celsius under a 
vacuum of 30 millimeters of mercury. It is only slightly soluble in water (42 grams per liter), but is very soluble in 
the usual organic solvents. It has similar physical properties to sarin, and similar environmental persistence. Little 
information exits on sarin-isopropyl, so toxicity data is limited, but it is logical to assume that it’s probably related 
to sarin. It can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. 
Isopropyl-sarin is a fast acting casualty producing agent capable of causing causalities within minutes of 


dissemination. The lethal dose for the average man is probably in the neighborhood of 1 to 5 milligrams (by 


inhalation), Isopropyl-sarin is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent): 8 Field Stability: 8 


Persistence (open area): 7 Storage stability: 8 
Persistence (enclosed area): 8 Toxicity (as nerve agent): 734 


TOTAL EFFECTIVENESS (as nerve agent): 7.7 


OVERALL TOXICITY (as warfare agent): 712 
WARNING! 
WATER 
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Step 1: Preparation of isopropyl phosphonic dichloride 


Into a suitable flask equipped with a stirrer, and thermometer, place 52.2 grams of anhydrous aluminum chloride 
(pre-chilled to 0 Celsius), and then add 53.6 grams of pre-chilled anhydrous phosphorus trichloride, Then chill 
the flask to about 10 Celsius in an ice bath, and then add 89.2 grams of pre-chilled isopropyl chloride. Thereafter, 
stir the mixture for 30 minutes and maintain the reaction mixtures temperature below 15 Celsius. Then seal the 
flask, and store in a refrigerator at 5 Celsius for 24 hours. Thereafter, filter-off the precipitated crystalline solid, and 
then vacuum dry the solid. Thereafter, place the vacuum dried crystalline solid into a desiccator filled with 
anhydrous sodium sulfate for 24 hours. After 24 hours, remove the dried crystalline solid, and then dissolve it into 
340 milliliters of methylene chloride, and chill this methylene chloride mixture to -5 Celsius by means of a 
salt/ice bath. Thereafter, add drop-wise, 88 milliliters of conc. hydrochloric acid over a period of 2 hours, while 
stirring the reaction mixture, and maintaining its temperature at —5 Celsius. After the addition, filter-off any 
insoluble impurities, and then place the filtered reaction mixture into a separatory funnel and remove the upper 
water layer. Then place the lower methylene chloride layer into a rotary evaporator, and evaporate-off the 

methylene chloride under mild vacuum. When all the methylene chloride has been removed, remove the remaining 
residue and place into a clean vacuum distillation apparatus, and distill the residue at 76 Celsius under a vacuum of 
23 millimeters of mercury to obtain a semi solid to liquid mass of isopropyl phosphonic dichloride. 


Step 2: Preparation of isopropyl-sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 50 
milliliters of methylene chloride. Then cool the flask to 0 Celsius by means of an ice bath. When the temperature 
of the methylene chloride mixture reaches 0 Celsius, slowly add, drop-wise, 2.6 grams of 48 % hydrofluoric acid. 
During the addition, stir the reaction mixture and keep it’s temperature around 0 Celsius. After the addition, stir the 
reaction mixture for | hour at 0 Celsius. After 1 hour, remove the ice bath, and then remove the upper water layer 
using a separatory funnel. Thereafter, pour the bottom methylene chloride layer into reflux apparatus, and gently 
reflux the mixture at about 60 Celsius while stirring for 1 hour. Afterwards, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then add the other 5 grams of the product obtained in step 1, 50 
additional milliliters of methylene chloride, and then stir the mixture at room temperature for 15 minutes. Then 
add drop-wise, 3.76 grams of anhydrous isopropyl alcohol over a sufficient time as to keep the reaction mixture 
around room temperature. During the addition, stir the reaction mixture. After the addition, continue to stir the 
reaction mixture at room temperature for about | hour, and then place the reaction mixture into a reflux apparatus, 
and reflux at 60 Celsius for | hour. Thereafter, filter-off any precipitated impurities, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 
solvent under mild vacuum. If vacuum apparatus is not available, remove the methylene chloride by distillation at 
40 Celsius. Note: The methylene chloride mixture can be used directly in chemical warfare operations, when 
disseminated properly. When the methylene chloride solvent has been evaporated, remove the remaining residue, 


and place it into a clean vacuum distillation apparatus, and distil the isopropyl-sarin at 87 Celsius under a vacuum 
of 30 millimeters of mercury to obtain a crude isopropyl-sarin product. Note: this crude isopropy]-sarin product 
need not be purified for use in chemical warfare operations. Purification of the isopropyl-sarin is only 
desired if the isopropyl-sarin is to be mixed with other agents. 


Step 3: Purification of sarin-isopropyl 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude 
isopropyl-sarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass 
column, drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the 
stopcock. Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the 
bottom), and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour 
enough fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is 
closed). Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion 
(containing the sarin-isopropyl) contained in the beaker into the glass column. Allow most of the ether to drain into 
the receiver flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing 
the mixture into a separatory funnel, and draining off the bottom water layer. After any water has been removed, 
place the ether mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When 
all the ether has been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. 
Then distill the sarin-isopropyl at 87 Celsius under a vacuum of 30 millimeters of mercury to obtain a purified 
sarin-isopropyl product. Note: instead of distilling-off the isopropyl ether, the ether mixture may be used in 
chemical warfare operations, and is actually preferred as a method of storing, preserving, and protecting the 
isopropyl-sarin from decomposition. Mixtures of isopropyl-sarin with ether, or methylene chloride can be 
effectively used to disseminate the isopropyl-sarin in wartime operations. Mixtures of isopropyl-sarin in a 
solvent such as methylene chloride or ether may persist up to two or three times longer then straight 
isopropyl-sarin in wartime operations. 
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Step 1: Preparation of isopropyl phosphonic dichloride 


Into a suitable flask equipped with a stirrer, and thermometer, place 52.2 grams of anhydrous aluminum chloride 
(pre-chilled to 0 Celsius), and then add 53.6 grams of pre-chilled anhydrous phosphorus trichloride. Then chill 
the flask to about 10 Celsius in an ice bath, and then add 89.2 grams of pre-chilled isopropyl chloride. Thereafter, 
stir the mixture for 30 minutes and maintain the reaction mixtures temperature below 15 Celsius. Then seal the 
flask, and store in a refrigerator at 5 Celsius for 24 hours. Thereafter, filter-off the precipitated crystalline solid, and 
then vacuum dry the solid. Thereafter, place the vacuum dried crystalline solid into a desiccator filled with 
anhydrous sodium sulfate for 24 hours. After 24 hours, remove the dried crystalline solid, and then dissolve it into 
340 milliliters of methylene chloride, and chill this methylene chloride mixture to -5 Celsius by means of a 
salt/ice bath. Thereafter, add drop-wise, 88 milliliters of conc. hydrochloric acid over a period of 2 hours, while 
stirring the reaction mixture, and maintaining its temperature at —5 Celsius. After the addition, filter-off any 
insoluble impurities, and then place the filtered reaction mixture into a separatory funnel and remove the upper 

water layer, Then place the lower methylene chloride layer into a rotary evaporator, and evaporate-off the 

methylene chloride under mild vacuum. When all the methylene chloride has been removed, remove the remaining 
residue and place into a clean vacuum distillation apparatus, and distill the residue at 76 Celsius under a vacuum of 
23 millimeters of mercury to obtain a semi solid to liquid mass of isopropyl phosphonic dichloride. 

Step 2: Preparation of isopropyl-sarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 100 
milliliters of toluene. Thereafter, add 2.6 grams of anhydrous sodium fluoride and then begin rapidly stirring the 
mixture. Then place the mixture into a reflux apparatus and reflux the mixture at 90 Celsius for 1 hour. After 
refluxing for 1 hour, remove the heat source, and then allow the reaction mixture to cool to room temperature. 
Thereafter, filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction 
mixture into a rotary evaporator, and evaporate-off the toluene under vacuum. When all the toluene has been 
removed, remove the remaining residue, and then place said residue into a clean flask, and then add 100 milliliters 
of methylene chloride, followed by the other 5 grams of the product obtained in step 1. Note: stir the mixture 
thereafter to dissolve the residue into the methylene chloride. Then add drop wise, 3.76 grams of anhydrous 
isopropyl! alcohol over a period of about 5 minutes, while stirring the reaction mixture and maintaining the reaction 
mixtures temperature at room temperature. After the addition of the isopropyl alcohol, continue to stir the reaction 
mixture for 1 hour at room temperature. Thereafter, reflux the reaction mixture at 60 Celsius for 1 hour while 
stirring. After the reflux period, remove the heat source and allow the reaction mixture to cool to room temperature. 
Then filter the reaction mixture to remove any insoluble impurities, and then place the filtered reaction mixture into 
a rotary evaporator and evaporate-off the methylene chloride under mild vacuum. If vacuum apparatus is 
unavailable, distill-off the methylene chloride at 40 Celsius. Note: The methylene chloride mixture can be used 
directly in chemical warfare operations, when disseminated properly. When the methylene chloride has been 
removed, remove the reaming residue and place into a clean vacuum distillation apparatus, and distill the isopropyl- 
sarin at 87 Celsius under a vacuum of 30 millimeters of mercury to obtain a crude isopropyl-sarin product. Note: 
this crude sarin-ethyl product need not be purified for use in chemical warfare operations. Purification of 
the isopropyl-sarin is only desired if the isopropyl-sarin is to be mixed with other agents. 


Step 3: Purification of sarin-isopropyl 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude 
isopropyl-sarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass 
column, drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the 
stopcock. Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the 
bottom), and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour 


enough fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is 
closed). Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion 


(containing the sarin-isopropyl) contained in the beaker into 


the glass column. Allow most of the ether to drain into 


the receiver flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing 


the mixture into a separatory funnel, and draining off the bot 
place the ether mixture into a clean rotary evaporator, and di 


tom water layer. After any water has been removed, 
still-off the isopropyl ether under mild vacuum. When 


all the ether has been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. 
Then distill the sarin-isopropyl at 87 Celsius under a vacuum of 30 millimeters of mercury to obtain a purified 


isopropyl-sarin product. Note: instead of distilling-off the 


isopropyl ether, the ether mixture may be used in 


chemical warfare operations, and is actually preferred as a method of storing, preserving, and protecting the 
isopropyl-sarin from decomposition. Mixtures of isopropyl-sarin with ether, or methylene chloride can be 
effectively used to disseminate the isopropyl-sarin in wartime operations. Mixtures of isopropyl-sarin in a 


solvent such as methylene chloride or ether may persist 
isopropyl-sarin in wartime operations. 


6. Cyclosarin. GF. O-Cyclohexylmethylfluo 
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Molecular Formula: C7H,4FO>.P 


up to two or three times longer then straight 


rophosphonate; CMPF 


Formula Weight: 180.1570252 


Composition: C(46.67%) H(7.83%) 
F(10.55%) OU7.76%) PU7.19%) 


Molar Refractivity: 40.98 + 0.4 cm 


Molar Volume: 164.0 + 5.0 cm* 


Parachor: 379.5 + 6.0 cm? 


Index of Refraction: 1,414 + 0.03 


Surface Tension: 28.6 + 5.0 dyne/em 


Density: 1.09 + 0.1 g/cm’ 


Polarizability: 16.24 + 0.5 10 -“cm* 


RDBE: 2 


Monoisotopic Mass: 180.071544 Da 


Nominal Mass: 180 Da 


Average Mass: 180.157 Da 


M+: 180.070995 Da 
[M+H]+: 181.07882 Da 


M-: 180.072092 Da 
[M+H]-: 181.079918 Da 


[M-H]+: 179.06317 Da 


[M-H]-: 179.064267 Da 


Smiles: O=P(C)(FYOCICCCCC1 


InChI = 1S/C7H14FO2P/c1- 
11(8,9)10-7-5-3-2-4-6-7/h7H,2- 
6H2,1H3 


Cyclosarin from a colorless liquid, which may be colored amber to brown when impure. As with the usual nerve 
agents, it is odorless when pure. Impure cyclosarin may have variable odors ranging from fruity, to hay-like. It has 


a melting point of -30 Celsius, and a boiling point of 239 C 
a vacuum of 10 millimeters of mercury. Cyclosarin is insolul 


elsius. Cyclosarin can be distilled at 104 Celsius under 
ble in water (15 grams per liter), and is not 


decomposed by it under normal conditions. It is only decomposed by water when heated. The high stability of 
cyclosarin to hydrolysis makes it much more persistent then sarin, tabun, or soman. Cyclosarin is also very 


persistent to volatility, as it evaporates 20 times slower then 


water. Cyclosarin is very soluble in the usual organic 


solvents. Cyclosarin is much more desirable then sarin, or soman in military operations. Environments 
contaminated with cyclosarin may remain effectively contaminated for up to 1 month under normal conditions. As 


with the usual nerve agents, cyclosarin is easily decomposed 
disseminated using aerosols, explosives munitions, atomizer: 
acting nerve agent capable of producing casualties with 


by bleaching powder or by alkalies. It can be 
s or humidifiers, or foggers. Cyclosarin is a fast 
in minutes of dissemination. The lethal dose for 


cyclosarin in the average man may vary, but is about 900 micrograms to 1200 micrograms per person by 
inhalation. Personnel exposed to non-lethal quantities may still suffer from incapacitating effects hours or 
weeks after exposure. Personnel exposed to lethal concentrations will be dead within 15 to 60 minutes of 
exposure. Cyclosarin is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent): 8 Field Stability: 9 
Persistence (open area): 9 Storage stability: 9 
Persistence (enclosed area): 9 Toxicity (as nerve agent): 8 
TOTAL EFFECTIVENESS (as nerve agent): 8.6 


OVERALL TOXICITY (as warfare agent): 8 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 

suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl] chloride. Then, stopper the 
bottle, and then shake the bottle for 1 hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After 1 hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 


solid is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of cyclosarin 


Into a suitable flask, place 100 milliliters of anhydrous toluene, 3.1 grams of anhydrous sodium fluoride, and 
then 5.3 grams of anhydrous cyclohexanol. Thereafter stir the mixture at room temperature for 15 minutes or until 
all ingredients are dissolved. Then heat the mixture to 80 Celsius under reflux, and when the temperature reaches 

80 Celsius, slowly add portion wise, 10 grams of the product obtained in step 1. After the addition of the methyl 
phosphonic dichloride product obtained in step 1, continue to stir the reaction mixture, and then reflux the reaction 
mixture at 80 Celsius for about | hour. After | hour, remove the heat source, and allow the reaction mixture to cool 
to room temperature. Thereafter, filter the reaction mixture to remove any insoluble impurities, and then place the 
filtered reaction mixture into a rotary evaporator, and evaporate-off the toluene under vacuum. Note: The toluene 
mixture can be used directly in chemical warfare operations, when disseminated properly When all the 
toluene has been removed, remove the remaining residue, and then place said residue into a clean vacuum 
distillation apparatus, and distill the cyclosarin at 104 Celsius under a vacuum of 10 millimeters of mercury to 
obtain a crude cyclosarin product. Note: This crude cyclosarin product need not be purified for use in chemical 
warfare operations. Purification of the cyclosarin is only desired if the cyclosarin is to be mixed with other 
agents. 


Step 3: Purification 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column's stopcock is closed), as pictured in 
the following figure. Thereafter, pour in illed water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude 
cyclosarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, 
drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 
the cyclosarin) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver 
flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture 
into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then vacuum 
distill the cyclosarin at 104 Celsius under a vacuum of 10 millimeters of mercury to obtain a purified cyclosarin 
product, well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the isopropyl ether, 
the ether mixture may be used in chemical warfare operations. Mixtures of cyclosarin with ether, or 
methylene chloride can be effectively used to disseminate the cyclosarin in wartime operations. Mixtures of 


cyclosarin in a solvent such as methylene chloride or ether may persist up to two or three times longer then 
straight cyclosarin in wartime operations within enclosed areas. 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 
suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl] chloride. Then, stopper the 
bottle, and then shake the bottle for 1 hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After 1 hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
solid is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of cyclosarin 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 100 
milliliters of methylene chloride. Then cool the flask to 0 Celsius by means of an ice bath. When the temperature 
of the methylene chloride mixture reaches 0 Celsius, slowly add, drop-wise, 3.1 grams of 48% hydrofluoric acid. 
During the addition, stir the reaction mixture and keep it’s temperature around 0 Celsius. After the addition, stir the 
reaction mixture for 1 hour at 0 Celsius. After | hour, remove the ice bath, and then remove the upper water layer 
using a separatory funnel. Thereafter, pour the bottom methylene chloride layer into a reflux apparatus, and gently 
reflux the mixture at about 60 Celsius while stirring for | hour. Afterwards, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then add the other 5 grams of the product obtained in step 1, 50 
additional milliliters of methylene chloride, and then stir the mixture at room temperature for 15 minutes. Then 
add portion-wise, 5.3 grams of anhydrous cyclohexanol over a sufficient time as to keep the reaction mixture 
around room temperature. During the addition, stir the reaction mixture. After the addition, continue to stir the 
reaction mixture at room temperature for about | hour, and then place the reaction mixture into a reflux apparatus, 
and reflux at 60 Celsius for | hour. Thereafter, filter-off any precipitated impurities, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 
solvent under mild vacuum. If vacuum apparatus is not available, remove the methylene chloride by distillation at 
40 Celsius, Note: The methylene chloride mixture can be used directly in chemical warfare operations, when 
disseminated properly. When the methylene chloride solvent has been evaporated, remove the remaining residue, 
and place it into a clean vacuum distillation apparatus, and distil the cyclosarin at 104 Celsius under a vacuum of 10 
millimeters of mercury to obtain a crude cyclosarin product. Note: this crude cyclosarin product need not be 
purified for use in chemical warfare operations. Purification of the cyclosarin is only desired if the cyclosarin 
is to be mixed with other agents. 


Step 3: Purification 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). ‘Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude 
cyclosarin product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, 
drip by drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 

the cyclosarin) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver 

flask. After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture 
into a separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then vacuum 
distill the cyclosarin under at 104 Celsius under a vacuum of 10 millimeters of mercury to obtain a purified 
cyclosarin product, well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the 
isopropyl ether, the ether mixture may be used in chemical warfare operations. Mixtures of cyclosarin with 
ether, or methylene chloride can be effectively used to disseminate the cyclosarin in wartime operations. 
Mixtures of cyclosarin in a solyent such as methylene chloride or ether may persist up to two or three times 
longer then straight cyclosarin in wartime operations. 
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Into a suitable reaction flask, pour into the reaction flask a pre-prepared solution containing 105 grams of methyl 
magnesium chloride in 500 milliliters of dry diethyl ether (prepared by passing dry methyl chloride gas into a 
reaction mixture containing magnesium turnings in ether), followed by L11 grams of pyridine. Thereafter, pour 
into the first addition funnel, 140 grams of pure dry cyclohexanol (triple distilled), and then pour into the second 
addition funnel a solution made by adding and dissolving 214 grams of phosphoryl dichlorofluoride into 650 
milliliters of dry diethyl ether. Thereafter, place the apparatus in a dry ice/acetone bath containing 20% dry 
ice/80% acetone. Thereafter, once the ingredients in the reaction flask have been cooled to —20 Celsius, turn on the 
motorized stirrer to high speed for 15 minutes, and then slowly begin to add in, from the first addition funnel the 
pure dry cyclohexanol, and then at the same time, begin to slowly add in the phosphoryl! dichlorofluoride/ether 
mixture in the second addition funnel into the reaction mixture while rapidly blending the reaction mixture and 
maintaining its temperature around —20 Celsius at all times. Note: the addition of the cyclohexanol and phosphoryl 
dichlorofluoride should be added at a rate so as both liquids are added to the reaction mixture at the same time. 
Once all the cyclohexanol, and phosphoryl dichlorofluoride/ether mixture has been added from the addition 
funnels, continue to stir the reaction mixture at a temperature around —10 to 0 Celsius for 2 hours. After 2 hours, 
remove the cooling bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly 
blend the reaction mixture during the warming period. Once the reaction mixture has warmed to room temperature, 
disassemble the apparatus, and then filter-off the insoluble by-products of pyridine hydrochloride, and magnesium 
chloride using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of fresh dry 
diethyl ether, and then pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, add 
in 50 grams of anhydrous sodium carbonate, blend for 45 minutes, then filter-off the sodium carbonate using a 
clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, 
and evaporate-off the ether at 35 Celsius under mild vacuum until no more ether passes over or is collected. When 
no more ether passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then recover the 
left over oily residue that remains behind, and then place this left over oily residue into a standard vacuum 
distillation apparatus, and vacuum distill the oily residue at 104 Celsius under a vacuum of 10mm of mercury until 
no more desired product is collected or passes over. Once no more desired product is recovered, stop the distillation 
process, equalize the pressure, and then recover the oily liquid product of cyclosarin, and store it in a glass 
container in a cool dry place until use. 


7. Tabun. GA, Dimethylamidoethoxyphosphoryl cyanide; N- 
Dimethylphosphoramidocyanidate 


HC 
Molecular Formula: CsH,;N202P Formula Weight: 162.126802 
Composition: C(37.04%) H(6.84%) Molar Refractivily: 37.46 + 0.3 cm? 
N(17.28%) O(19.74%) PUY.10%) 
Molar Volume: 142.2+3.0cm*> | __Parachor: 356.8 + 4.0 cm* 
Index of Refraction: 1.439 + 0.02 Surface Tension: 39.6 + 3.0 dyne/em 
Density: 1.140 + 0.06 gem Polarizability: 14.85 + 0.5 10cm’ 
RDBE: 3 Monoisotopic Mass: 162.055814 Da 
Nominal Mass: 162 Da Average Mass: 162.1268 Da 
M+: 162.055265 Da M-: 162.056362 Da 
[M+H]+: 163.06309 Da (M+H]-: 163.064187 Da 
[M-H]+: 161.04744 Da [M-H]-: 161.048537 Da 
Smiles: N¥CP(=O)(OCC)N(C)C InChI = 1S/C5H11N202P/c1-4-9- 
10(8,5-6)7(2)3/h4H2, 1-3H3 


Tabun forms a colorless liquid, which is brown to amber in color when impure. It has no odor when pure, but has a 
slight almond to fruity odor when impure. It has a melting point of —50 Celsius, and a boiling point of 240 Celsius 
(with decomposition). ‘Tabun can be distilled at 110 Celsius under a vacuum of 9 millimeters of mercury. It is 
readily soluble in the usual organic solvents, and in water. It’s solubility in water leads rise to hydrolysis, and it’s 
decomposed by water at room temperature in about 24 hours. It is also decomposed rapidly by strong bases 
(alkalies), yielding the deadly poison, hydrogen cyanide, and the non-toxic products of ethanol and dimethylamido 
phosphoric acid. ‘The half-life of tabun is 97 minutes at 150 Celsius. ‘Tabun will persist for about 24 to 48 hours 
under normal environmental conditions. It takes 20 times longer then water to evaporate, meaning its volatility is 
relatively low, but under dry and cool conditions its persistence is quite satisfactory. Tabun is very effective when 
used within enclosed environments, such as tunnels, rooms, bunkers, and the like; especially under dry and cool 
conditions. One interesting fact about tabun is the difficulty in proper decontamination. The usual military 
decontamination kits do not effectively decontaminate contaminated equipment or areas containing tabun, because 
tabun gives rise to cyanogen chloride when treated with bleach or bleaching powder, or the deadly hydrogen 
cyanide when treated with alkalies. In open areas, decontamination with the usual kits is acceptable due to the very 
high volatility and dissipation rate of cyanogen chloride or hydrogen cyanide, but within enclosed environments, 
the cyanogen chloride, or hydrogen cyanide may linger for long periods of time causing a secondary “gas attack”. 
Environments contaminated with tabun will most likely be “left along” by passing troops due to the pains involved 
in decontamination; as a result, tabun finds its most important military use as a “road block” purse, temporally 
diverting advancing troops. Lt may take up to 48 to 72 hours for tabun-contaminated areas to reach safe levels. 
Tabun can be efficiently disseminated through aerosols, explosives munitions, atomizers or humidifiers, or foggers. 
Tabun is a fast acting causality producing agent capable of causing casualties within minutes of 
dissemination. Toxicity: Lethal dose 50% of population i.p. in mice: 0.60 milligrams per kilogram of body 
weight. The lethal dose for the average man is about 0.010 milligrams per kilogram (800 micrograms lethal 
dose for man of 180 pounds of weight). When used properly, 4 milligrams of tabun may kill 5 soldiers. 
Personnel exposed to non-lethal amounts of the agent may still become incapacitated within 10 minutes of 
exposure, and will become unable to perform their normal duties as soldiers. Those personnel exposed to 
lethal doses will be dead within 60 minutes. Note: Tabun is more effective in wartime operations then sarin, 


and is preferred 3 tol over sarin in military operations. Tabun is highly toxic through ingestion, inhalation, 
and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8 Field Stability: 7 
Persistence (open area): 7 Storage stability: 9 
Persistence (enclosed area): 8 Toxicity (as nerve agent): 7 


TOTAL EFFECTIVENESS (as nerve agent): 7.6 
OVERALL TOXICITY (as warfare agent): 7/2 
WARNING! 
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Step 1: Preparation of dimethylamido phosphory] dichloride 


Into a suitable flask, place 153.5 grams of phosphory! chloride, and then 500 grams of ethylene dichloride. 
Thereafter, place the mixture into a salt/ice bath, and chill to -S Celsius. When the temperature of mixture reaches 
—5 Celsius, slowly bubble into the mixture, 49.5 grams of dry dimethylamine while stirring the reaction mixture 
and maintaining its temperature at —5 Celsius. After the addition of the dimethylamine, add in 63.5 grams of 
anhydrous sodium carbonate. During the addition, stir the reaction mixture, and maintain its temperature at —5 
Celsius. After the addition of the sodium carbonate, continue to stir the reaction mixture for 30 minutes at —5 
Celsius. Thereafter, filter-off any insoluble impurities, and then wash these filtered-off impurities several times 
with a single washing portion of ethylene dichloride (100 grams). After the washing, combine the 100-gram 
portion of ethylene dichloride with the filtered reaction mixture, and then place the reaction mixture into rotary 
evaporator or vacuum distillation apparatus, and remove the ethylene dichloride solvent under vacuum. After the 
ethylene dichloride solvent has been removed, place the remaining residue into a clean vacuum distillation 
apparatus, and fractionally distill the product at 90 Celsius under a vacuum of 22 millimeters of mercury to obtain a 
good yield of dimethylamido phosphoryl dichloride. 


Step 2: Preparation of tabun 


Into a suitable flask, add 180 grams of ethylene dichloride, and then 20 grams of the product obtained in step 1. 
Thereafter, thoroughly blend the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 6 
grams of finely powdered anhydrous sodium cyanide, and then 10 grams of pyridine into 60 milliliters of 
acetonitrile, and thereafter, add and dissolve 5.6 grams of anhydrous ethyl! alcohol there into. Then place the 
flask containing the ethylene dichloride mixture into an ice bath, and chill to 0 Celsius. Thereafter, slowly add 
drop-wise, the sodium cyanide/acetonitrile/pyridine/ethyl alcohol solution, to the ethylene dichloride mixture while 
vigorously stirring the ethylene dichloride mixture and keeping its temperature around 0 Celsius. After the addition, 
continue to vigorously stir the reaction mixture for | hour at 0 Celsius, after which, remove the ice bath, and then 
reflux the entire reaction mixture for 90 minutes at 84 Celsius with vigorous stirring. After 90 minutes, remove the 
heat source, and allow the reaction mixture to cool to room temperature. Thereafter, filter-off any insoluble solids, 
and then place the filtered reaction mixture into a rotary evaporator, or vacuum distillation apparatus, and remove 
the ethylene dichloride solvent, and acetonitrile solvent under vacuum. Note: These two solvents can be collected 

in the same receiver flask, and separated later, or fractionally distilled using two different angled Liebig 

condensers. After the ethylene dichloride and acetonitrile solvents have been removed, remove the remaining 
residue, and place into a clean vacuum distillation apparatus, and fractionally distill the tabun at 110 Celsius under 
a vacuum of 9 millimeters of mercury to obtain a refined tabun product. Purification can be accomplished by using 
a silica gel column filled with aluminum oxide, and using methylene chloride solvent. Note: The refined tabun 
product can be dissolved in methylene chloride, ether, or any desired solyent, and used as such in chemical 
warfare operations when properly disseminated. 
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Step 1: Preparation of dimethylamido phosphory] dichloride 


Into a suitable flask, place 153.5 grams of phosphoryl chloride, and then 500 grams of ethylene dichloride. 
Thereafter, place the mixture into a salt/ice bath, and chill to —5 Celsius. When the temperature of mixture reaches 
—5 Celsius, slowly bubble into the mixture, 49.5 grams of dry dimethylamine while stirring the reaction mixture 
and maintaining its temperature at —5 Celsius. After the addition of the dimethylamine, add in 63.5 grams of 
anhydrous sodium carbonate. During the addition, stir the reaction mixture, and maintain its temperature at —5 
Celsius. After the addition of the sodium carbonate, continue to stir the reaction mixture for 30 minutes at —5 
Celsius. Thereafter, filter-off any insoluble impurities, and then wash these filtered-off impurities several times 
with a single washing portion of ethylene dichloride (100 grams). After the washing. combine the 100-gram 
portion of ethylene dichloride with the filtered reaction mixture, and then place the reaction mixture into rotary 
evaporator or vacuum distillation apparatus, and remove the ethylene dichloride solvent under vacuum. After the 
ethylene dichloride solvent has been removed, place the remaining residue into a clean vacuum distillation 


apparatus, and fractionally distill the product at 90 Celsius under a vacuum of 22 millimeters of mercury to obtain a 
good yield of dimethylamido phosphoryl dichloride. 


Step 2: Preparation of tabun 


Into a suitable flask, add 180 grams of ethylene dichloride, and then 20 grams of the product obtained in step 1. 
Thereafter, thoroughly blend the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 6 
grams of finely powdered anhydrous sodium cyanide into 60 milliliters of acetonitrile, and thereafter, add and 
dissolve 5.6 grams of anhydrous ethyl alcohol there into. Then place the flask containing the ethylene dichloride 
mixture into an ice bath, and chill to 0 Celsius. Thereafter, slowly add drop-wise. the sodium 
cyanide/acetonitrile/ethy! alcohol solution, to the ethylene dichloride mixture while vigorously stirring the ethylene 
dichloride mixture and keeping its temperature around 0 Celsius. After the addition, continue to vigorously stir the 
reaction mixture for 1 hour at 0 Celsius, after which, remove the ice bath, and then reflux the entire reaction 

mixture for 90 minutes at 84 Celsius with vigorous stirring. After 90 minutes, remove the heat source, and allow 

the reaction mixture to cool to room temperature. Then place the reaction mixture into an ice water bath, and chill 

to 5 Celsius. Then gradually add in portions, 6 grams of anhydrous powdered sodium carbonate to the reaction 
mixture, and then vigorously stir the reaction mixture at room temperature for 30 minutes. Afterwards, filter-off 

any insoluble impurities, and then place the reaction mixture into a rotary evaporator, or vacuum distillation 
apparatus, and remove the ethylene dichloride solvent, and acetonitrile solvent under vacuum. Note: These two 
solvents can be collected in the same receiver flask, and separated later, or fractionally distilled using two different 
angled Liebig condensers. After the ethylene dichloride and acetonitrile solvents have been removed, remove the 
remaining residue, and place into a clean vacuum distillation apparatus, and fractionally distill the tabun at 110 
Celsius under a vacuum of 9 millimeters of mercury to obtain a refined tabun product. Purification can be 
accomplished by using a silica gel column filled with aluminum oxide, and using methylene chloride solvent. Note: 
The refined tabun product can be dissolved in methylene chloride, ether, or any desired solvent, and used as 
such in chemical warfare operations when properly disseminated. 
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Into a reaction flask, place a pre-prepared solution containing 217 grams of dimethylphosphoramidic dichloride 
in 750 milliliters of DMF, followed by 102 grams of pyridine. Thereafter, pour into the first addition funnel, a 
solution prepared by adding and dissolving 62 grams of 99% ethyl alcohol into 150 milliliters of DMF, and then 
pour into the second addition funnel a solution made by adding and dissolving 66 grams of sodium cyanide into 
500 milliliters of DMF. Thereafter, place the apparatus in a dry ice/acetone bath containing 20% dry ice/80% 
acetone. Thereafter, once the ingredients in the reaction flask have been cooled to —20 Celsius, turn on the 
motorized stirrer to high speed for 15 minutes, and then slowly begin to add in, from the first addition funnel the 
99% ethyl alcohol/DMF mixture, and then at the same time, begin to slowly add in the sodium cyanide/DMF 
mixture in the second addition funnel into the reaction mixture while rapidly blending the reaction mixture and 
maintaining its temperature around —20 Celsius at all times. Note: the addition of the 99% ethyl alcohol/DMF 
mixture and sodium cyanide/DMF mixture should be added at a rate so as both liquids are added to the reaction 
mixture at the same time. Once all the 99% ethyl aleohol/DMF mixture, and sodium cyanide/DMF mixture has 


been added from the addition funnels, continue to stir the reaction mixture at a temperature around —10 to 0 Celsius 
for 2 hours. After 2 hours, remove the cooling bath and allow the reaction mixture to warm to room temperature. 
Note: continue to rapidly blend the reaction mixture during the warming period. Once the reaction mixture has 
warmed to room temperature, disassemble the apparatus, and then pour the reaction mixture into a vacuum 
fractional distillation apparatus, and distill-off the DMF at 125 Celsius at 190mm of mercury until no more DMF 
passes over or is collected. Once no more DMF passes over or is collected, and a sticky residue remains, stop the 
distillation process, equalize the pressure, and then recover the left over sticky residue that remains behind. Now, 
place this sticky left over residue into a suitable sized large beaker, and then add in 1500 milliliters of fresh diethyl 
ether, and then manually blend the mixture for 45 minutes. After 45 minutes, stop stirring, allow the mixture to 
stand for 5 minutes, and then filter-off the insoluble by-products of pyridine hydrochloride, and sodium chloride 
using a Buchner funnel under moderate suction, wash with two 150-milliliter portions of fresh diethyl ether, and 
then add in 50 grams of anhydrous sodium sulfate, blend for 45 minutes, then filter-off the sodium sulfate using a 
clean Buchner funnel under strong suction. Thereafter, pour the filtered dried reaction mixture into a rotary 
evaporator, and evaporate-off the ether at 40 Celsius under mild vacuum until no more ether passes over or is 
collected. Once no more ether passes over or is collected, turn off the rotary evaporator, equalize the pressure, and 
then recover the left over sticky residue that remains behind, and then place this sticky residue into a clean standard 
vacuum distillation apparatus, and vacuum distill the residue at 110 Celsius under a vacuum of 9mm of mercury 
until no more desired product is collected or passes over, Once no more desired product is recovered, stop the 
distillation process, equalize the pressure, and then recover the oily liquid product of tabun, and store it in a shatter- 
proof glass container in a cool dry place until use. 


8. ThioTabun. Diethylamidoethoxythiophosphorus cyanide; N- 
Diethylthiophosphoroamidocyanidate 
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Molecular Formula: C5H;;N2OPS 


Formula Weight: 178.192402 


Composition: C(33.70%) H(6.22%) 
N(15.72%) O(8.98%) P(17.38%) 
S(17.99%) 

Molar Volume: 150.0 + 3.0 cm* 


Molar Refractivity: 44.72 + 0.3 cm? 


Parachor: 398.3 + 4.0 em? 


Index of Refraction: 1.507 + 0.02 


Surface Tension: 49.6 + 3.0 dyne/em 


Density: 1.187 + 0.06 g/em* 


Polarizability: 17.73 + 0.5 10 “cm* 


RDBE: 3 


Monoisotopic Mass: 178.032969 Da 


Nominal Mass: 178 Da 


Average Mass: 178.1924 Da 


M+: 178.03242 Da 
[M+H]}+: 179.040245 Da 
[M-H]+: 177.024595 Da 


M-: 178.033518 Da 
[M+H]-: 179.041343 Da 
[M-H]-: 177.025693 Da 


Smiles: N#CP(=S)(OCC)N(C)C 


InChI = 1S/C5H11N20PS/c 1-4-8- 
9(10,5-6)7(2)3/h4 H2, 1-33 


Little data exits on thiotabun, but it is a colorless to yellowish liquid with a boiling point of 208 Celsius at 760 
millimeters of mercury (begins to decompose around 150 Celsius). It can be distilled under vacuum at 86 Celsius 
under 10 millimeters of mercury. It has a faint fishy odor or a slight almond like odor. As with most nerve agents, 
absolute pure thiotabun is probably odorless. It is safe to predict that thiotabun would be closely related to tabun in 
physical properties, and characteristics. The stability of thiotabun in water is probably greater then tabun, and as 
result, so is its environmental persistence. Thiotabun is only very slightly soluble in water (62 grams per liter). The 
toxicity and persistence of thiotabun is probably similar to tabun but this information cannot be confirmed. As 
briefly stated, very little data exists on this compound so its unknown if thiotabun would have any potential use as a 
nerve agent. It is probably safe to assume that this compound would have definite use in military operations 
especially when mixed with other agents such as sarin, soman, or the nitrogen or sulfur mustards. Thiotabun may 
be used for training military personnel, and for calibrating chemical agent detection equipment in the field. It can 
be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. Thiotabun is a fast 
acting causality producing nerve agent capable of producing causalities within 24 hours of dissemination. 
The lethal dose for the average man is probably in the neighborhood of 1 to 5 milligrams (by inhalation). 
Thiotabun is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent): 7 Field Stability: 9 
Persistence (open area): 9 | Storage stability: 9 
Persistence (enclosed area): 9 | Toxicity (as nerve agent): 7 
TOTAL EFFECTIVENESS (as nerve agent): 8.3 
OVERALL TOXICITY (as warfare agent): 7/2 
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Step 1: Preparation of dimethylamido thiophosorus dichloride 


Into a suitable flask place 169.4 grams of thiophosphorus trichloride, and then add 400 grams of 
trichloroethylene. Then stir the mixture for several minutes. Thereafter, place the mixture into a cold-water bath, 
and chill to 10 Celsius. When the temperature reaches 10 Celsius, slowly bubble into the mixture, 46 grams of 
anhydrous dimethylamine gas over a period sufficient to keep the reaction mixture below 30 Celsius. During the 
addition of the gaseous dimethylamine, vigorously stir the reaction mixture. After the addition, continue to stir the 
reaction mixture for 30 minutes at 10 Celsius, and then remove the reaction mixture from the cold water bath, and 
then place into an ice bath at 0 Celsius. When the temperature of the reaction mixture reaches 0 Celsius, slowly 
add, portion wise, 53 grams of anhydrous sodium carbonate, while stirring the reaction mixture. During the 
addition of the sodium carbonate, carbon dioxide gas will be steadily evolved. After the addition of the sodium 
carbonate, stir the reaction mixture at 0 Celsius for 30 minutes, and then filter-off any precipitated impurities. Then 
place the filtered reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the 
trichloroethylene solvent under vacuum. When all the trichloroethylene solvent has been removed, remove the 
remaining residue and place into a clean vacuum distillation apparatus, and fractionally distill the residue under a 
vacuum of 16 millimeters of mercury, and at a temperature of 90 Celsius. 


Step 2: Preparation of thiotabun 


Into a suitable flask, add 180 grams of trichloroethylene, and then 20 grams of the product obtained in step 1. 
Thereafter, thoroughly blend the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 
5.5 grams of finely powdered anhydrous sodium cyanide into 60 milliliters of acetonitrile, and thereafter, add 
and dissolve 5.1 grams of anhydrous ethyl alcohol there into. Then place the flask containing the 
trichloroethylene mixture into an ice bath, and chill to 0 Celsius. Thereafter, slowly add drop-wise, the sodium 
cyanide/acetonitrile/ethyl alcohol solution, to the trichloroethylene mixture while vigorously stirring the 
trichloroethylene mixture and keeping its temperature around 0 Celsius. After the addition, continue to vigorously 
stir the reaction mixture for | hour at 0 Celsius, after which, remove the ice bath, and then reflux the entire reaction 
mixture for 90 minutes at 84 Celsius with vigorous stirring. After 90 minutes, remove the heat source, and allow 
the reaction mixture to cool to room temperature. Then place the reaction mixture into an ice water bath, and chill 
to 5 Celsius. Then gradually add in portions, 6 grams of anhydrous sodium carbonate to the reaction mixture, and 
then vigorously stir the reaction mixture at room temperature for 30 minutes. Afterwards, filter- off any insoluble 
impurities, and then place the reaction mixture into a rotary evaporator, or vacuum distillation apparatus, and 
remove the trichloroethylene solvent, and acetonitrile solvent under vacuum. Note: These two solvents can be 
collected in the same receiver flask, and separated later, or fractionally distilled using two different angled Liebig 
condensers. After the trichloroethylene and acetonitrile solvents have been removed, remove the remaining residue, 
and place into a clean vacuum distillation apparatus, and fractionally distill the thiotabun at 86 Celsius under a 
vacuum of 10 millimeters of mercury to obtain a refined tabun product. Purification can be accomplished by using 
a silica gel column filled with aluminum oxide, and using methylene chloride solvent. Note: The refined 
thiotabun product can be dissolved in methylene chloride, ether, or any desired solvent, and used as such in 
chemical warfare operations when properly disseminated. 


9, Tabun-I. GAA. Diethylamidoethoxyphosphoryl cyanide; N- 
Diethylphosphoramidocyanidate 


Molecular Formula: C7H;5;N202P 


Formula Weight: 190.179962 


Composition: C(44.21%) H(7.95%) 
N(14.73%) 011 6.83%) P(16.29%) 


Molar Refractivity: 46.73 + 0.3 cm’ | 


Molar Volume: 175.2 + 3.0 cm* 


Parachor: 436.4 + 4.0 cm’ 


Index of Refraction: 1.446 + 0.02 


Surface Tension: 38.4 + 3.0 dyne/cem 


Density: 1.085 + 0.06 g/cm> 


Polarizability: 18.52 + 0.5 107cm? 


RDBE: 3 


Monoisotopic Mass: 190.087114 Da 


Nominal Mass: 190 Da 


Average Mass: 190.18 Da 


M+: 190.086565 Da 


M-: 190.087662 Da 


[M+H]+: 191.09439 Da 
[M-H]+: 189.07874 Da 


[M+H]-: 191.095487 Da 
[M-H]-: 189.079837 Da 


Smiles: CCN(CC)P(=O)(C#N)OCC 


InChI = 1S/C7H15N202P/c1 -4-9(5- 


2)12(10,7-8)11-6-3/h4-6H2, 1-33 


Tabun-II is a colorless to light yellow or brown viscous oily liquid with a boiling pint of 270 to 280 Celsius. It 
probably begins to decompose when heated to 150 Celsius, but it can be distilled at 123 Celsius under a vacuum of 
5 millimeters of mercury. Impure tabun-IT may be a dirty colored solid, or semi-solid viscous liquid. Tabun-IT has 
similar properties to tabun because of its resembling structure; two ethyl groups rather then two methyl groups. 
Tabun-II is readily soluble in water (303 grams per liter), and it is very soluble in the usual organic solvents, and 
oils. Its persistence and stability in water would be greater then for tabun. Its stability in water would be 48 to 72 
hours under normal conditions. Its persistence in the environment would be satisfactory, and it may posses a greater 
threat then original tabun. Tabun-L could be used as an effective substitute for tabun, sarin, or soman for military 
operations. It can be disseminated by aerosols, smoke generating munitions, explosives munitions, or foggers. 
Tabun-II is a fast acting casualty producing nerve agent capable of causing casualties within minutes of 
dissemination. The lethal dose for the average man is probably around 1 to 2 milligrams per person by 
inhalation. Tabun-IT is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): TA 


Field Stability: 8 


Persistence (open area): 8 


Storage stability: 8 


Persistence (enclosed area): 9 


Toxicity (as nerve agent): 7% 


TOTAL EFFECTIVENESS (as nerve agent): 8 
OVERALL TOXICITY (as warfare agent): 712 


@ I, 


FAK 
WARNING! rel WABNING! ABSORPTION 


PREPARATION I: 


\ 
cl 

fe) CH3CH,NHCH,CHs CH bo 

| ethylene dichloride —-5 Celsius H3C ~N \ 

P ; i cl 
cl Pp cl 5 ces = «ot | 
str 2 3 CHy 
| -5 Celsius Hc 
cl diethylphosphoramidic dichloride 


phosphorothioic trichloride ethylene dichloride ~ 


NaCN ~~ 
HC acetonitrile —~ 
fl a 
HC cH, NasCO, 99% ethyl alcohol 
\ N «5 celsius 
CH)—N Z 
2 \ EF 
o* \ 
yr 
an 
CH; 
Tabun-ll 


Step 1: Preparation of diethylamido phosphoryl dichloride 


Into a suitable flask, place 55 grams of phosphorus oxytrichloride, and then 300 grams of ethylene dichloride. 
Thereafter, place the mixture into a salt/ice bath, and chill to —5 Celsius. When the temperature of mixture reaches 
—5 Celsius, slowly add drop wise, 26 grams of pre-chilled liquid anhydrous diethylamine while stirring the 
reaction mixture and maintaining its temperature at -5 Celsius. After the addition of the diethylamine, add in 19 
grams of anhydrous and powdered sodium carbonate. During the addition, stir the reaction mixture, and 
maintain its temperature at —5 Celsius. After the addition of the sodium carbonate, continue to stir the reaction 
mixture for 30 minutes at —5 Celsius. Thereafter, filter-off any insoluble impurities, and then wash these filtered-off 
impurities several times with a single washing portion of ethylene dichloride (50 grams). After the washing, 
combine the 50-gram portion of ethylene dichloride with the filtered reaction mixture, and then place the reaction 
mixture into a rotary evaporator or vacuum distillation apparatus, and remove the ethylene dichloride solvent under 
vacuum. After the ethylene dichloride solvent has been removed, place the remaining residue into a clean vacuum 
distillation apparatus, and fractionally distill the product under high vacuum and under a temperature of 110 Celsius 
to obtain a good yield of diethylamido phosphoryl dichloride. 


Step 2: Preparation of tabun-IT 


Into a suitable flask, add 180 grams of ethylene dichloride, and then 20 grams of the product obtained in step 1. 
Thereafter, thoroughly blend the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 

5.1 grams of finely anhydrous sodium cyanide into 60 milliliters of acetonitrile, and thereafter, add and dissolve 
4.8 grams of anhydrous ethyl alcohol there into. Then place the flask containing the ethylene dichloride mixture 
into an ice bath, and chill to 0 Celsius. Thereafter, slowly add drop-wise, the sodium cyanide/acetonitrile/ethyl 
alcohol solution, to the ethylene dichloride mixture while vigorously stirring the ethylene dichloride mixture and 
keeping its temperature around 0 Celsius. After the addition, continue to vigorously stir the reaction mixture for 1 
hour at 0 Celsius, after which, remove the ice bath, and then reflux the entire reaction mixture for 90 minutes at 84 
Celsius with vigorous stirring. After 90 minutes, remove the heat source, and allow the reaction mixture to cool to 
room temperature. Then place the reaction mixture into an ice water bath, and chill to 5 Celsius. Then gradually 

add in portions, 6 grams of anhydrous sodium carbonate to the reaction mixture, and then vigorously stir the 
reaction at room temperature for 30 minutes. Afterwards, filter-off any insoluble impurities, and then place the 
reaction mixture into a rotary evaporator, or vacuum distillation apparatus, and remove the ethylene dichloride 
solvent, and acetonitrile solvent under vacuum. Note: These two solvents can be collected in the same receiver 

flask, and separated later, or fractionally distilled using two different angled Liebig condensers. After the ethylene 
dichloride and acetonitrile solvents have been removed, remove the remaining residue, and place into a clean 
vacuum distillation apparatus, and fractionally distill the tabun-II at 123 Celsius under a vacuum of 5 millimeters of 
mercury to obtain a refined tabun-II product. Purification can be accomplished by using a silica gel column filled 
with aluminum oxide, and using methylene chloride solvent. Note: The refined tabun-II product can be 
dissolyed in methylene chloride, ether, or any desired solvent, and used as such in chemical warfare 
operations when properly disseminated. 


10. Soman. GD. Trilon. Pinacolyl methylphosphonofluoridate; 
Methylphosphonofluoridic acid 1,2,2-tri-methylpropyl ester 
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Molecular Formula: C7H;,.FO2P Formula Weight: 182.1729052 
Composition: C(46.15%) H(8.85%) | Molar Refractivity: 43.18 + 0.3 cm* 
F(10.43%) O(17.57%) P(17.00%) 
Molar Volume: 180.4 + 3.0 cm* Parachor: 404.4 + 4.0 cm” 
Index of Refraction: 1.394 + 0.02 Surface Tension: 25.2 + 3.0 dyne/em 
Density: 1.009 + 0.06 g/cm Polarizability: 17.12 + 0.5 10cm? 
RDBE: | Monoisotopic Mass: 182.087194 Da 
Nominal Mass: 182 Da Average Mass: 182.1729 Da 
M+: 182.086645 Da | M-: 182.087743 Da 
[M+H]+: 183.09447 Da [M+H]-: 183.095568 Da 
[M-H]+: 181.07882 Da [M-H]-: 181.079918 Da 
Smiles: CC(OP(C)(F)=O)C(C)(C)C InChl = 18/C7H16FO2P/c1- 
6(7(2,3)4) 10-11(5,8)9/h6H, 1-5H3 


Soman is colorless, to lightly colored liquid with a boiling point of 198 Celsius, and a melting point of —30 Celsius. 
Impure soman may have a melting point ranging from —30 Celsius to -80 Celsius. It begins to decompose when 
heated at 130+ Celsius. It can be distilled at 84 Celsius under a vacuum of 15 millimeters of mercury. Impure or 
contaminated soman may be of any color ranging from light brown, amber, or yellow, to orange, to black all 
depending on what impurities may be present. Military grade soman is a colorless odorless liquid. Stabilized soman 
has a half-life of 2 hours at 130 Celsius, and a half-life of 1 hour at 130 Celsius when unstabilized. Solubility in 
water is 20 grams soman per 80 grams of water at room temperature. The stability of soman in water is much better 
then for sarin. Droplets of soman onto water may persist for several hours or days, depending on environmental 
conditions. During warm and moist or wet conditions, the persistent of soman is very low (1 to 2 days), but during 
dry and cool conditions the persistence of soman is quite well (most likely up to 2 days). Soman evaporates four 
times slower then water. As with sarin, soman is readily attacked by strong alkalies such as sodium hydroxide, 
sodium carbonate, or potassium bases. Soman itself is very soluble in the usual organic solvents including 
methylene chloride, dimethyl sulfoxide, ether, toluene, and dimethylformamide. Pure soman has no odor, but 

soman containing impurities may have a weak camphor like odor, weak pinacolyl alcohol odor, or weak odor of 
nutmeg. Impure soman may also have a slight odor of orange peel. Although pure soman is odorless, in some cases 
it may have a slight fruity odor. Standard military decontamination kits are more then satisfactory for its 
neutralization. Bleaching powder, or Clorox bleach decontaminates soman very well, and should be used in all 

cases to decontaminate, destroy, or clean any contaminated environments. Soman, like sarin is readily soluble in 

fats and lipids. It can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. 
Soman is a fast acting nerve agent capable of producing casualties within minutes of dissemination. Toxicity: 
Lethal dose 50% of population i.p. in mice: 0.062 milligrams per kilogram of body weight, and 0.780 
milligrams dermally in mice. The lethal dose for the average man is about 0.010 milligrams per kilogram 
(800 micrograms lethal dose for man of 180 pounds of weight). When used properly, 4 milligrams of soman 
can kill 5 soldiers. Personnel exposed to non-lethal amounts of the agent may still become incapacitated 
within 10 minutes of exposure, and will become unable to perform their normal duties as soldiers. Those 
personnel exposed to lethal doses will be dead within 60 minutes. Note: Soman is more effective in wartime 
operations then sarin, and is preferred 2 tol over sarin in military operations. Soman is highly toxic through 
ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8 Field Stability: 8 
Persistence (open area): 7 Storage stability: 8 
Persistence (enclosed area): 8 Toxicity (as nerve agent): 82 


TOTAL EFFECTIVENESS (as nerve agent): 7.9 
OVERALL TOXICITY (as warfare agent): 814 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 
suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl] chloride. Then, stopper the 
bottle, and then shake the bottle for 1 hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for | hour to dissolve all solids. After 1 hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
solid is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of soman 


Into a suitable flask, place 100 milliliters of anhydrous toluene, 3.1 grams of anhydrous sodium fluoride, and 
then 5.4 grams of anhydrous pinacolyl alcohol. Thereafter stir the mixture at room temperature for 15 minutes or 
until all ingredients are dissolved. Then heat the mixture to 80 Celsius under reflux, and when the temperature 
reaches 80 Celsius, slowly add portion wise, 10 grams of the product obtained in step 1. After the addition of the 
methyl phosphonic dichloride product obtained in step 1, continue to stir the reaction mixture, and then reflux the 
reaction mixture at 80 Celsius for about 1 hour. After 1 hour, remove the heat source, and allow the reaction 

mixture to cool to room temperature. Thereafter, filter the reaction mixture to remove any insoluble impurities, and 
then place the filtered reaction mixture into a rotary evaporator, and evaporate-off the toluene under vacuum, Note: 
The toluene mixture can be used directly in chemical warfare operations, when disseminated properly. When 


all the toluene has been removed, remove the remaining residue, and then place said residue into a clean vacuum 
distillation apparatus, and distill the soman at 84 Celsius under a vacuum of 15 millimeters of mercury to obtain a 
crude soman product. Note: This crude soman product need not be purified for use in chemical warfare 
operations. Purification of the soman is only desired if the soman is to be mixed with other agents. 


Step 3: Purification 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 

layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude soman 
product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, drip by 
drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 

the soman) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver flask. 
After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture into a 
separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then vacuum 
distill the soman at 84 Celsius under a vacuum of 15 millimeters of mercury to obtain a purified soman product, 
well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the isopropyl ether, the ether 
mixture may be used in chemical warfare operations, and is actually preferred as a method of storing, 
preserving, and protecting the soman from decomposition. Mixtures of soman with ether, or methylene 
chloride can be effectively used to disseminate the soman in wartime operations. Mixtures of soman in a 
solvent such as methylene chloride or ether may persist up to two or three times longer then straight soman 
in wartime operations. 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 10 grams of pure phosphorus trichloride, 9.7 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following: Into a 
suitable glass stoppered bottle, place 9.7 grams of cold anhydrous aluminum chloride, and then 10 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 11 grams of liquid methyl chloride. Then, stopper the 
bottle, and then shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 
replaced by rapidly bubbling 11 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for I hour to dissolve all solids. After | hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
solid is thoroughly dry, dissolve it into 146 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 18.4 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of soman 


To 10 grams of the product obtained in step 1, place 5 grams of it into a suitable flask, and then add 50 
milliliters of methylene chloride. Then cool the flask to 0 Celsius by means of an ice bath. When the temperature 
of the methylene chloride mixture reaches 0 Celsius, slowly add, drop-wise, 3.1 grams of 48 % hydrofluoric acid. 
During the addition, stir the reaction mixture and keep it’s temperature around 0 Celsius. After the addition, stir the 
reaction mixture for 1 hour at 0 Celsius. After 1 hour, remove the ice bath, and then remove the upper water layer 
using a separatory funnel. Thereafter, pour the bottom methylene chloride layer into a reflux apparatus, and gently 
reflux the mixture at about 60 Celsius while stirring for 1 hour. Afterwards, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then add the other 5 grams of the product obtained in step 1, 50 
additional milliliters of methylene chloride, and then stir the mixture at room temperature for 15 minutes. Then 
add drop-wise, 5.4 grams of anhydrous pinacoly! alcohol over a sufficient time as to keep the reaction mixture 
around room temperature. During the addition, stir the reaction mixture. After the addition, continue to stir the 
reaction mixture at room temperature for about | hour, and then place the reaction mixture into a reflux apparatus, 
and reflux at 60 Celsius for | hour. Thereafter, filter-off any precipitated impurities, and then place the filtered 
reaction mixture into a rotary evaporator or vacuum distillation apparatus, and remove the methylene chloride 
solvent under mild vacuum. If vacuum apparatus is not available, remove the methylene chloride by distillation at 
40 Celsius. Note: The methylene chloride mixture can be used directly in chemical warfare operations, when 
disseminated properly. When the methylene chloride solvent has been evaporated, remove the remaining residue, 
and place it into a clean vacuum distillation apparatus. and distil the soman at 84 Celsius under a vacuum of 15 
millimeters of mercury to obtain a crude soman product. Note: this crude soman product need not be purified 
for use in chemical warfare operations. Purification of the soman is only desired if the soman is to be mixed 
with other agents. 


Step 3: Purification 


Setup a silica gel column and then prepare the silica gel with the following process: Pour 200 milliliters of distilled 
water into a suitable beaker, and then slowly pour in 30 grams of dry silica gel of 50 to 200 mesh while gradually 
stirring the mixture. After the addition of the silica gel, rapidly stir the mixture for 15 minutes, and thereafter, 
carefully decant-off the “fines”. The fines are particles of matter that need to be removed to ensure a good flow 

rate. Then pour the silica gel into the glass column (make sure the glass column’s stopcock is closed), as pictured in 
the following figure. Thereafter, pour in distilled water until the glass column is nearly full. Then gently open the 
stopcock, and drain off most of the water, until only about 10 centimeters of water remains above the silica gel 


layer. Then add 50 milliliters of dry isopropyl ether into the glass column, and then carefully drain-off the ether 
until most of it has passed through (by this time most of the water should have been removed). Thereafter, close the 
stopcock, and then add enough isopropyl! ether into the glass column until the glass column is nearly full. Then, 
gently open the stopcock, and begin a very slow drip of the ether, and then at the same time, pour the crude soman 
product, obtained in step 2, into the glass column, and allow it to slowly pass through the glass column, drip by 
drip. Now when the total liquid layer is about 10 centimeters above the silica gel layer, close the stopcock. 
Immediately thereafter, remove the washing portion from the apparatus (remove the receiver flask at the bottom), 
and pour the contents into a clean beaker. Then replace said receiver flask with a clean one, and then pour enough 
fresh isopropyl ether into the glass column until the glass column is nearly full (make sure the stopcock is closed). 
Then open the stopcock to form a gentle drip, and then immediately add in the ether-washing portion (containing 
the soman) contained in the beaker into the glass column. Allow most of the ether to drain into the receiver flask. 
After which, remove the receiver flask from the apparatus, and then remove any water by placing the mixture into a 
separatory funnel, and draining off the bottom water layer. After any water has been removed, place the ether 
mixture into a clean rotary evaporator, and distill-off the isopropyl ether under mild vacuum. When all the ether has 
been removed, take out the remaining residue, and place into a clean vacuum distillation apparatus. Then vacuum 
distill the soman at 84 Celsius under a vacuum of 15 millimeters of mercury to obtain a purified soman product, 
well suitable for use in chemical warfare cocktails. Note: instead of distilling-off the isopropyl ether, the ether 
mixture may be used in chemical warfare operations, and is actually preferred as a method of storing, 
preserving, and protecting the soman from decomposition. Mixtures of soman with ether, or methylene 
chloride can be effectively used to disseminate the soman in wartime operations. Mixtures of soman in a 
solvent such as methylene chloride or ether may persist up to two or three times longer then straight soman 
in wartime operations. 
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Into a reaction flask, pour into the addition funnel a solution prepared by adding 127 grams of phosphoryl 
chloride into 500 milliliters of dry diethyl ether. Thereafter, pour into the reaction flask, a methyl magnesium 
chloride/ether solution containing 62 grams of methyl magnesium chloride in 500 grams of dry diethyl ether 
(prepared by passing methyl chloride gas into ether containing magnesium turnings). Thereafter, place the reaction 
apparatus in a dry ice/acetone bath as illustrated (70% dry ice/30% acetone), and chill the reaction mixture down to 
—60 Celsius. Once the contents in the reaction flask reach -60 Celsius, begin to slowly add in, drop-by-drop, the 


phosphoryl chloride/ether mixture from the addition funnel into the reaction mixture while rapidly stirring the 
reaction mixture and maintaining its temperature at -60 Celsius at all times. Once all the phosphoryl chloride/ether 
mixture has been added from the addition funnel. continue to stir the reaction mixture for 2 hours until the dry ice 
evaporates, and the reaction mixture slowly warms to room temperature. Once the reaction mixture has warmed to 
room temperature, replace the dry ice/acetone bath with fresh dry ice (70% dry ice/30% acetone), and then replace 
the addition funnel with a clean addition funnel, and then add to this new clean addition funnel a solution prepared 
by adding and dissolving 85 grams of 3,3-dimethylbutan-2-ol, into 500 milliliters of fresh dry diethyl ether, and 
then quickly add to the reaction mixture, 67 grams of pyridine, and then chill this new reaction mixture down to 
—60 Celsius. Once the contents in the reaction flask reach —60 Celsius, begin to slowly add in, drop by drop, the 
3,3-dimethylbutan-2-ol/ether mixture from the addition funnel into the reaction mixture while rapidly stirring the 
reaction mixture and maintaining its temperature at —60 Celsius at all times. Once all the 3,3-dimethylbutan-2- 
ol/ether mixture has been added from the addition funnel, continue to stir the reaction mixture until the dry ice 
evaporates, and the reaction mixture slowly warms to room temperature. Note: continue to stir the reaction mixture 
during this warm-up period. Once the reaction mixture has warmed to room temperature, disassemble the 
apparatus, and then pour the entire reaction mixture into a suitable large beaker, and then add in 1500 milliliters of 
fresh ethyl acetate, and then manually stir for about 15 minutes. Note: upon the addition of the ethyl acetate, the 
magnesium chloride by-product will separate out. Now, filter-off the insoluble by-products of pyridine 
hydrochloride and magnesium chloride using a Buchner funnel under moderate suction, wash with two 250- 
milliliter portions of fresh ethyl acetate, and then pour the filtered reaction mixture into a clean beaker equipped 
with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend for 45 minutes (to absorb any 
moisture), then filter-off the sodium sulfate using a clean Buchner funnel under strong suction. Now, pour this 
filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether and ethyl acetate at 65 Celsius 
under moderate vacuum until no more ether and ethyl acetate is collected. Once this point is achieved, take the 
remaining left over reaction mixture (now free from ether and ethyl acetate), and pour the left over residue from the 
rotary evaporator, into a 3-neck reaction flask, equipped with motorized stirrer, bulb condenser, and thermometer, 
and sitting in a round bottom heating mantle, and then through the top of the bulb reflux condenser, first add in 
1000 milliliters of dry toluene, and then add in, in small portions at a time, 35 grams of anhydrous sodium 
fluoride. Once all the sodium fluoride has been added, turn on the heating mantle to 110 Celsius, and bring the 
reaction mixture to a reflux under strong stirring. Note: remember to pass cold water through the outer jacket of the 
bulb condenser. Now, continue to reflux this reaction mixture at 110 Celsius under rapid stirring for 2 hours. After 
2 hours, turn off the heating mantle and allow the reaction mixture to cool to room temperature. Note: continue to 
rapidly stir the reaction mixture during the cool down period. Thereafter, filter the reaction mixture to remove the 
sodium chloride by-product and any insoluble impurities, wash with two 200-milliliter portions of fresh dry 
toluene, and then place the filtered reaction mixture into a rotary evaporator, and evaporate-off the toluene at 90 
Celsius under moderate vacuum until no more toluene passes over or is collected. When all the toluene has been 
removed, turn off the rotary evaporator, equalize the pressure, and then remove the remaining left over residue 
(once it has cooled), and then place said residue into a clean vacuum distillation apparatus, and distill the soman at 
84 Celsius under a vacuum of 15 millimeters of mercury until no more desired product is collected. Once no more 
desired oily product is collected, turn off the vacuum, equalize the pressure, and then recover the oily liquid desired 
product from the receiver flask, and store it in a glass shatter-proof container in a cool dry place until use. 


11. ThioSoman. GDS. ThioTrilon. Pinacolyl methylthiophosphorusfluoridate; 
Methylthiophosphorusfluoridic acid 1,2,2-tri-methylpropyl ester 


Molecular Formula: C7HisFOPS 
Composition: C(42.41%) H(8.14%) 
F(9.58%) O(8.07%) P(15.62%) 
S$(16.17%) 


Formula Weight: 198.2385052 
Molar Refractivity: 50.44 + 0.3 cm? 


Molar Volume: 188.3 + 3.0 cm* 


Parachor: 445.8 + 4.0 cm® 


Index of Refraction: 1.448 + 0.02 
Density: 1.052 + 0.06 g/cm* 


Surface Tension: 31.4 + 3.0 dyne/em 
Polarizability: 19.99 + 0.5 10cm’ 


RDBE: | 


Monoisotopic Mass: 198.064349 Da 


Nominal Mass: 198 Da 
M+: 198.063801 Da 


Average Mass: 198.2385 Da 
M-: 198.064898 Da 


[M+H]+: 199.071626 Da 


([M+H]-: 199.072723 Da 


[M-H]+: 197.055976 Da 


[M-H]-: 197.057073 Da 


Smiles: CC(OP(C)(F)=S)C(C)\(C)C 


Thiosoman is a liquid, most likely colorless when pure and lightly colored when impure. It has a boiling 
200 to 220 Celsius at 760 millimeters of mercury, and it can be distilled at 76 Celsius under 10 millimet 


InChI = 1S/C7H16FOPS/c1- 
6(7(2,3)4)9-10(5,8) 1 1/h6H, 1-5H3 


point of 
ers of 


mercury. It probably has no odor, but impure thiosoman probably has an odor similar to impure thiosarin with a 
possible fruity to rotten-fruity odor. Through simple observation it is evident that thiosoman would have greater 
environmental persistence then thiosarin, and would have a greater half-life then thiosarin due to the sulfur- 
phosphorus bond, and the greater molecular weight. The phosphorus-fluorine bond would probably show some 
hydrolysis effect with water, but to a lesser extent then for thiosarin. Thiosoman is almost entirely insoluble in 
water. It is safe to assume that thiosoman would have similar toxicity as that of thiosarin. Thiosoman would 
probably be more biologically active then thiosarin, making it more effective as a “nerve agent”. The potential for 
thiosoman as an effective nerve agent is probable. Note: Certain biological studies have shown that thiosoman is 
more toxic then soman. Tt can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or 


foggers. Thiosoman is a moderately fast acting nerve agent capable of producing casualties within 12 hours 


of dissemination or exposure by personnel. The lethal dose for the average man is probably about 800 


micrograms to 1500 micrograms by inhalation. Thiosoman is highly toxic through ingestion, inhalation, and 


skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7 


Field Stability: 8 


Persistence (open area): 9 


Storage stability: 8 


Persistence (enclosed area): 9 


Toxicity (as nerve agent): 7° 


TOTAL EFFECTIVENESS (as nerve agent): 8.1 
OVERALL TOXICITY (as warfare agent): 7% 
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Step 1A: Preparation of methyl thiophosphorus dichloride (method 1) 


Into a pressure vessel, place 190.2 grams of methyl disulfide, and then 274.8 grams of phosphorus trichloride. 
Thereafter seal the pressure vessel, and heat the ingredients in the pressure vessel to 275 Celsius. Continue to heat 
the ingredients in the pressure vessel at 275 Celsius for 12 hours. Note: Read your pressure vessel operators manual 
thoroughly before using such pressure vessel. Pressures vessels can lead to dangerous explosions if not used 
properly. After heating for 12 hours, remove the heat source, and allow the reaction mixtures ingredients to cool to 
room temperature. Thereafter, open the pressure vessel (use caution, as great pressure will be relieved; mostly in 
the form of gaseous methyl chloride by-product). After opening the pressure vessel, remove the contents there 

from, and place into a clean vacuum distillation apparatus, and fractionally distill the product at 70 Celsius under a 
vacuum of 50 millimeters of mercury to obtain the methyl thiophosphorus dichloride. 


Step 1B: Modified preparation for methyl thiophoshorus dichloride (this step can be used in place of step 1A 
for the preparation of methy! thiophosphorus dichloride) 


Into a pressure vessel, place 54 grams of methyl disulfide, then 76 grams of phosphorus trichloride, and then 
add 4.6 grams of methyl iodide. Thereafter seal the pressure vessel, and heat the ingredients in the pressure vessel 
to 260 Celsius. Continue to heat the ingredients in the pressure vessel at 260 Celsius for 8 hours. Note: Read your 
pressure vessel operators manual thoroughly before using such pressure vessel. Pressures vessels can lead to 
dangerous explosions if not used properly. After heating for 8 hours, remove the heat source, and allow the reaction 
mixtures ingredients to cool to room temperature. Thereafter, open the pressure vessel (use caution, as great 
pressure will be relieved; mostly in the form of gaseous methyl chloride by-product). After opening the pressure 
vessel, remove the contents there from, and place into a clean vacuum distillation apparatus, and fractionally distill 
the product at 70 Celsius under a vacuum of 50 millimeters of mercury to obtain the methyl thiophosphorus 
dichloride. 


Step 2: Preparation of thiosoman 


Into a suitable flask, place 50 milliliters of toluene, and then add 4.2 grams of anhydrous sodium fluoride. 
Thereafter, add 10.3 grams of anhydrous pinacolyl alcohol, and then stir the mixture at room temperature for 
several minutes. Then heat the mixture to about 80 Celsius under reflux, and then carefully add portion-wise, 15 
grams of the product obtained in step 1A or step 1B. During the addition, stir the reaction mixture and maintain 
its temperature at 80 Celsius. After the addition, continue to heat the reaction mixture at 80 Celsius, and continue 
stirring for an additional 60 minutes. After heating and stirring for 60 minutes, remove the heat source, and allow 
the reaction mixture to cool to room temperature. Then filter-off any insoluble impurities, and then place the 
filtered reaction mixture into a rotary evaporator or vacuum distillation apparatus and remove the toluene under 
vacuum. When all the toluene has been removed, remove the remaining residue, and place into a clean vacuum 
distillation apparatus, and distill the thiosoman at 76 Celsius under 10 millimeters of mercury to obtain a refined 
thiosoman product. Purification, if desired, may be carried out by using a silica gel column filled with aluminum 
oxide, or silica. 


12. ChloroSoman. ChloroTrilon. 1,2,2-tri-methylpropyl methylphosphonchloridoate 


Molecular Formula: C7H;,ClO2P 


Formula Weight: 198.627502 


Composition: C(42.33%) H(8.12%) 
Cl(17.85%) O(16.11%) P(15.59%) 
Molar Volume: 186.4 + 3.0 cm” 


Molar Refractivity: 47.87 + 0.3 cm? | 


Parachor: 433.3 + 4.0 em* 


Index of Refraction: 1.427 + 0.02 


Surface Tension: 29.2 + 3.0 dyne/em 


Density: 1.065 + 0.06 g/em* 


Polarizability: 18.97 + 0.5 10 “cm* 


RDBE: 1 


Monoisotopic Mass: 198.057643 Da 


Nominal Mass: 198 Da 


Average Mass: 198.6275 Da 


M+: 198.057095 Da 


M-: 198.058192 Da 


[M+H]+: 199.06492 Da 


[M+H]-: 199.066017 Da 


[M-H]+: 197.04927 Da 


[M-H]-: 197.050367 Da 


Smiles: CC(OP(C)(CN=O)C(C\(C)C 


InChI = 1S/C7H16C102P/c1- 
6(7(2,3)4)1 0-11 (5,8)9/h6H, 1-5H3 


Chlorosoman is a colorless liquid with a boiling point of 200 to 240 Celsius at 760 millimeters of mercury. It may 
begin to disassociate at 140 Celsius, but can be distilled at 89 Celsius under a vacuum of 7 millimeters of mercury. 
Its properties are similar to chlorosarin, with similar decomposition rates. The persistence of chlorosoman is 
probably similar to soman, but only slightly less volatile. Very little data exists on this substance so exact numbers 
are unknown. It is safe to say that chlorosoman has a slight greater persistence then soman, but may be more prone 
to hydrolysis. Chlorosoman is in soluble in water, but soluble in the usual organic solvents. The use of chlorosoman 
in wartime would most likely not be scen, but it can be used to train military troops, and to calibrate chemical agent 
detection systems. Chlorosoman produces the usual nerve agent symptoms, but with less lethality then soman. It 
can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. Chlorosoman is a 
delayed action casualty producing agent, capable of producing causalities within 48 hours of dissemination 
or exposure by personnel. Lethal dose for the average man is probably 2 to 12 milligrams by inhalation. 
Chlorosoman is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 5 Field Stability: 7 
Persistence (open area): 7 Storage stability: 8 
Persistence (enclosed area): 8 Toxicity (as nerve agent): 6 


TOTAL EFFECTIVENESS (as nerve agent): 6.8 
OVERALL TOXICITY (as warfare agent): 6 


WARNING! WARNING! REACTIVE 
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Step 1: Preparation of methyl phosphonic dichloride 


Place 20 grams of pure phosphorus trichloride. 19.4 grams of pure anhydrous aluminum chloride, and a 
lecture bottle of anhydrous methyl chloride into a freezer, and chill to 0 Celsius prior to the following. Into a 

suitable glass stoppered bottle, place 19.4 grams of cold anhydrous aluminum chloride, and then 20 grams of 
cold phosphorus trichloride. Shortly thereafter, transfer in 22 grams of liquid methyl chloride. Then, stopper the 
bottle, and then shake the bottle for | hour to dissolve all solids. Note: Use caution as heat of reaction may boil-off 
some of the liquid methyl chloride producing dangerous pressures. If need be, the liquid methyl chloride can be 


replaced by rapidly bubbling 22 grams of ice cold methyl chloride gas into the phosphorus trichloride/aluminum 
chloride mixture, followed by stoppering the flask, and then shaking for 1 hour to dissolve all solids. After 1 hour, 
stop shaking, and then place the stoppered flask into a freezer and chill at 0 Celsius for 24 hours. After 24 hours, 
filter-off the precipitated solid, and then allow it dry in a desiccator filled with anhydrous sodium sulfate. When the 
solid is thoroughly dry, dissolve it into 292 milliliters of methylene chloride, and then chill this mixture to 0 
Celsius by use of an ice bath. Then, place 36.8 milliliters of cold conc. hydrochloric acid into an addition funnel, 
and then add this acid, drop wise (at the rate of 10 drops per minute), to the methylene chloride mixture. Stir the 
methylene chloride mixture thoroughly during the addition of the hydrochloric acid. After the addition of the 
hydrochloric acid, continue to stir the reaction mixture for 90 minutes, while keeping the temperature at 5 Celsius 
or lower during the whole time. After stirring for 2 hours, filter-off any insoluble impurities, and then remove the 
upper water layer using a separatory funnel. Thereafter, place the methylene chloride layer into a distillation 
apparatus, or rotary evaporator, and then remove the methylene chloride solvent under vacuum. Note: if vacuum 
apparatus is unavailable, carefully distilling-off the methylene chloride at 40 Celsius can be used. After the solvent 
has been removed, place the remaining material into a clean rotary evaporator, or vacuum distillation apparatus, 
and distil the methyl phosphonic dichloride at 28 millimeters of mercury to obtain a semi-solid colorless mass, or 
clear liquid of methyl phosphonic dichloride. 


Step 2: Preparation of chlorosoman 


Prepare a solution by adding and dissolving 20 grams of the product obtained in step 1 into 40 grams of 
toluene. Thereafter, add 10 grams of pyridine, and then stir the mixture for 10 minutes at room temperature. Then 
place the mixture into a cooling bath, and chill to about 0 Celsius by means of ice. When the temperature of the 
mixture reaches 0 Celsius, add drop-wise, 15.2 grams of anhydrous pinacolyl alcohol over a sufficient time as to 
maintain the reaction temperature around 0 Celsius. During the alcohol addition, rapidly stir the reaction mixture. 
After the alcohol addition, continue to stir reaction mixture for | hour at 0 Celsius. Thereafter, remove the cooling 
bath, and allow the reaction mixture to warm to room temperature, and thereafter stir the reaction mixture for | 
hour. Then gently reflux the reaction mixture at 40 Celsius for 30 minutes. After refluxing for 30 minutes, remove 
the heat source, and allow the reaction mixture to cool to room temperature. Thereafter, pour the entire reaction 
mixture into 70 milliliters of ice water, and then stir the mixture for 10 minutes. Immediately thereafter, remove 
the upper toluene layer using a separatory funnel, or by decantation, and then add 5 grams of anhydrous calcium 
chloride, and stir the toluene layer for 5 minutes. Immediately thereafter, filter-off the insoluble calcium chloride, 
and then place the filtered toluene mixture into a rotary evaporator or vacuum distillation apparatus, and remove the 
toluene under vacuum, and under a temperature of 30 Celsius. After the toluene has been removed, place the 
remaining residue into a clean vacuum distillation apparatus, and distill the chlorosoman at 89 Celsius under a 
vacuum of 7 millimeters of mercury to obtain a refined chlorosoman product. 


13. Neopentylene phosphoryl fluoridate; Neopentylene fluorophosphate 


CH,—O 
BP vA . ee 
Hyco \ / ~~ 
CH,—O 
Molecular Formula: C;HjpFO3P Formula Weight: 168.1032652 
Composition: C(35.72%) H(6.00%) Molar Refractivity: 33.49 + 0.4 cm 
F(1 1.30%) O(28.55%) P(18.43%) 
Molar Volume: 137.1 + 5.0 cm* Parachor: 318.0 + 6.0 cm* 
Index of Refraction: 1.403 + 0.03 Surface Tension: 28.9 + 5.0 dyne/cm 
Density: 1.22 + 0.1 g/em> | Polarizability: 13.27 + 0.5 10cm? 
RDBE: 2 Monoisotopic Mass: 168.035158 Da 
Nominal Mass: 168 Da | Average Mass: 168.1033 Da 
M+: 168.03461 Da | M-: 168.035707 Da 
[M+H]+: 169.042435 Da [M+H]-: 169.043532 Da 
[M-H]+: 167.026785 Da [M-H]-: 167.027882 Da 
Smiles: CC1(C)COP(F)(=O)OC1 InChI = 1S/CSH10FO3P/c1-5(2)3-8- 
10(6,7)9-4-5/h3-4H2,1-2H3 


NPF is a colorless to light brown or yellowish liquid with a boiling point of 167 Celsius at 760 millimeters of 
mercury. It may begin to decompose when heated above 130 Celsius, but can be distilled at 69 Celsius under a 
vacuum of 25 millimeters of mercury. Impure NPF may be a viscous semi-solid liquid. Pure NPF is probably 
odorless, but as with other nerve agents it probably has a slight odor of hay or fruit when impure. It is only slightly 
soluble in water (146 grams per liter), but is very soluble in the usual organic solvents. The toxicity of NPF is 
relatively low, compared to other nerve agents, but its environmental persistence is very good. It can probably 
remain in the environment for up to 7 days or more, depending on conditions, and has found to be very effective 
when admixed with other agents such as sarin, or soman. Since the stability of NPF is greater then sarin, soman, or 
tabun, its effectiveness in military operations is quite high especially when mixed with sarin, or soman. Another 
potential use for NPF is as an addictive with blister agents of the nitrogen mustard class. In cocktails with nitrogen 
mustards, NPF can demonstrate extremely effective battlefield use. Mixtures of NPF with nitrogen mustards can 
contaminate tactical areas for up to 4 to 9 days. Any exposed personnel to such contaminated areas may suffer from 
dangerous nerve agent effects days or even weeks after contact with said environments. This delayed effect is the 
result of the exposed personnel coming into contact with said blister agents, which cause delayed illness. During 
this delayed entry of illness, the NPF nerve agent is undergoing its process of body penetration. After body 
penetration, the exposed personnel can suffer from a numerous array of illnesses for periods of months to even 

years after exposure. NPF can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or 
foggers. NPF is a mild, delayed action casualty producing nerve agent, capable of producing casualties within 
48 hours of dissemination or exposure by personnel. Effects of exposure may not be recognized until days 
after exposure. The lethal dose for the average man is probably relatively high, anywhere from 2000 
micrograms to 10,000 micrograms through inhalation, but the incapacitating effects of this agent, although 
delayed, may inflict illness to those contaminated for month’s even years after exposure. Incapacitation 
doses may range from 900 to 1200 micrograms per person. Note: This agent can be used as an effective 
insecticide when diluted with water to a concentration of 0.125% by weight solution of said agent. Note: This 
agent might actually be available in certain commercial insecticide or pesticide products. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 5 Field Stability: 9 
Persistence (open area): 9 Storage stability: 8 
Persistence (enclosed area): 9 Toxicity (as nerve agent): 5 


TOTAL EFFECTIVENESS (as nerve agent): 7.5 
OVERALL TOXICITY (as warfare agent): 534 


WARNING! WARNING! REACTIVE 
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Step 1: Preparation of neopentylene chlorophosphate 


Into a suitable flask, place 76.89 grams of phosphoryl chloride, followed by 350 milliliters of benzene. 
Thereafter, place this mixture into a cold-water bath, and chill to 10 to 13 Celsius. Thereafter, slowly add, drop 
wise, over a period of about 45 minutes, a solution prepared by adding and dissolving 52 grams of neopentyl 
glycol, and 79 grams of pyridine into 100 milliliters of benzene. During the addition, vigorously stir the reaction 
mixture and maintain its temperature around 10 to 13 Celsius. After the addition, remove the cold-water bath, and 
allow the reaction mixture to warm to room temperature. Thereafter, continue to the stir the reaction mixture for 12 
hours at room temperature. After 12 hours, filter-off any insoluble materials, and then wash the filtered-off 
materials with one 50 milliliter portion of benzene (using the same washing portion), and then wash the filtered- 
off materials once with a 25 milliliter portion of benzene. Then add the 50-milliliter and 25 milliliter washing 
portions of benzene to the reaction mixture, and then place the total reaction mixture into a rotary evaporator or 
vacuum distillation apparatus, and remove the toluene under vacuum. After the benzene is removed, a solid will 
remain. Then take this solid, and then dissolve it into 200 milliliters of hot petroleum ether. After which, a small 
amount of an oily residue may form; if an oily residue does form, remove it by decantation, and then allow the hot 


petroleum ether solution to cool to room temperature. Then place the petroleum ether mixture into an ice bath, and 
allow it to stand for several hours. Thereafter, filter-off the precipitated product, wash with the cold petroleum ether 
liquid, and then vacuum dry or air-dry the product. The remaining petroleum ether can be evaporated to yield a few 
grams more of additional product, which can then be recovered and dried. 


Step 2: Preparation of NPF 


Into a suitable flask, add 50 grams of the product obtained in step 1, and then add 50 milliliters of benzene. 
Then stir the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 20 grams of 
anhydrous ammonium fluoride into 135 milliliters of benzene. Then place this ammonium fluoride mixture into 
areflux apparatus, and begin refluxing at 70 Celsius with stirring. When the temperature of the ammonium fluoride 
mixture reaches 70 Celsius, slowly add drop wise, the benzene solution containing the product obtained in step 1 
over a period of about 20 minutes while stirring the reaction mixture and maintaining its temperature under reflux 
at 70 Celsius. After the addition, continue to stir the reaction mixture for 2 hours at 70 Celsius with constant 
stirring. After stirring for 2 hours, remove the heat source, and allow the reaction mixture to cool to room 
temperature, and then allow the reaction mixture to stand at room temperature for 12 hours. 12 hours later, filter-off 
any insoluble impurities, and then place the filtered reaction mixture into a rotary evaporator or vacuum distillation 
apparatus, and remove the benzene solvent at 60 Celsius under vacuum. After the benzene has been removed, 
remove the remaining residue, and then place into a clean vacuum distillation apparatus, and distill the product at 
69 Celsius under a vacuum of 25 millimeters of mercury to obtain a refined NPF product. 


14. NPSF. Neopentylene thiophosphorus fluoridate; Neopentylene 
fluorophosponothioate 


2—O 


CH 
ae ff ‘ x 


Ho * ri Ne 
CH,—O 
Molecular Formula: C5H;)FO2PS Formula Weight: 184.1688652 


Composition: C(32.61%) H(5.47%) | Molar Refractivity: 40.49 + 0.4 cm? 
F(10.32%) O(17.37%) P(16.82%) 
SU7.41%) 


Molar Volume: 145.3 4+5.0cm> | Parachor: 359.5 + 6.0 cm” 
Index of Refraction: 1.469 + 0.03 Surface Tension: 37.4 + 5.0 dyne/em 
Density: 1.26 + 0.1 g/em* Polarizability: 16.05 + 0.5 10 em’ 
RDBE: 2 Monoisotopic Mass: 184.012314 Da 
Nominal Mass: 184 Da Average Mass: 184.1689 Da 
M+: 184.011765 Da M-: 184.012862 Da 
[M+H]+: 185.01959 Da [M+H]-: 185.020687 Da 
[M-H]+: 183.00394 Da [M-H]-: 183.005037 Da 


Smiles: CC1(C)COP(F)(=S)OC1 InChI = 1S/C5H10FO2PS/c1-5(2)3- 
7-9(6,10)8-4-5/h3-4H2, 1-2H3 


NPSF is a colorless liquid with a boiling point of 173 Celsius at 760 millimeters of mercury. It can be distilled at 54 
Celsius under a vacuum of 10 millimeters of mercury. Impure NPSF may be a waxy to semi-solid mass or 

brownish to amber colored liquid. The odor of pure NPSF is probably odorless, but as with other nerve agents it 
probably has a slight odor of fruit or thiol like odor when impure. The toxicity of NPSF is probably similar to NPF, 
along with its environmental persistence, but it may be more toxic and persistent then NPF. It can probably remain 
in the environment for up to 7 days or more, depending on conditions, and has found to be very effective when 
admixed with other agents such as sarin, or soman. Since the stability of NPSF is greater then sarin, soman, or 
tabun, its effectiveness in military operations is quite high especially when mixed with sarin, or soman. Another 


potential use of NPSF is as an addictive with blister agents of the nitrogen mustard class. In cocktails with nitrogen 
mustards, NPSF can demonstrate extremely effective battlefield use. Mixtures of NPSF with nitrogen mustards can 
contaminate tactical areas for up to 4 to 9 days. Any exposed personnel within such contaminated areas may suffer 
from dangerous nerve agent effects days or even weeks after contact with said environments. This delayed effect is 
the result of the exposed personnel coming into contact with said blister agents, which cause delayed illness. 
During this delayed entry of illness, the NPSF nerve agent is undergoing its process of body penetration. After 
body penetration, the exposed personnel can suffer from a numerous array of illnesses for periods of months to 
even years. NPSF can be disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. 
NPSF is a mild, delayed action casualty producing nerve agent. Effects of exposure may not be recognized 
until days after exposure. The lethal dose for the average man is probably relatively high, anywhere from 
1800 micrograms to 8,000 micrograms through inhalation, but the incapacitating effects of this agent, 
although delayed, may inflict illness to those contaminated for month’s even years after exposure. The 
average incapacitating dose ranges from 50 to 800 micrograms. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7 Field Stability: 9 
Persistence (open area): 8 Storage stability: 8 
Persistence (enclosed area): 8 Toxicity (as nerve agent): 7 


TOTAL EFFECTIVENESS (as nerve agent): 7.8 
OVERALL TOXICITY (as warfare agent): 612 
WARNING! 
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Step 1: Preparation of neopentylene chlorophosphonylthioate 


Into a suitable flask, place 85 grams of thiophosphorus trichloride, followed by 350 milliliters of benzene. 
Thereafter, place this mixture into a cold-water bath, and chill to 10 to 13 Celsius. Thereafter, slowly add, drop 
wise, over a period of about 45 minutes, a solution prepared by adding and dissolving 52 grams of neopentyl 
glycol, and 79 grams of pyridine into 100 milliliters of benzene. During the addition, vigorously stir the reaction 
mixture and maintain its temperature around 10 to 13 Celsius. After the addition, remove the cold-water bath, and 
allow the reaction mixture to warm to room temperature. Thereafter, continue to the stir the reaction mixture for 12 
hours at room temperature. After 12 hours, filter-off any insoluble materials, and then wash the filtered-off 
materials with one 50 milliliter portion of benzene (using the same washing portion), and then wash the filtered- 
off materials once with a 25 milliliter portion of benzene. Then add the 50-milliliter and 25-milliliter washing 
portions of benzene to the reaction mixture, and then place the total reaction mixture into a rotary evaporator or 
vacuum distillation apparatus, and remove the toluene under vacuum. After the benzene is removed, a light brown 
solid will remain. Then take this light brown solid, and then dissolve it into 200 milliliters of hot petroleum ether. 
After which, a small amount of an oily residue will form; thereafter, remove the oily residue by decantation, and 
then allow the hot petroleum ether solution to cool to room temperature. Then place the petroleum ether mixture 
into an ice bath, and allow it to stand for several hours. Thereafter, filter-off the precipitated product, wash with the 
cold petroleum ether liquid, and then vacuum dry or air-dry the product. The dry product will be about 81 grams. 
The remaining petroleum ether can be evaporated to yield about 5 grams of additional product, which can then be 
recovered and dried. 


Step 2: Preparation of NPSF 


Into a suitable flask, add 50 grams of the product obtained in step 1, and then add 50 milliliters of benzene. 
Then stir the mixture to dissolve all solids. Then prepare a solution by adding and dissolving 18 grams of 
anhydrous ammonium fluoride into 121 milliliters of benzene. Then place this ammonium fluoride mixture into 
a reflux apparatus, and begin refluxing at 70 Celsius with stirring. When the temperature of the ammonium fluoride 
mixture reaches 70 Celsius, slowly add drop wise, the benzene solution containing the product obtained in step 1 
over a period of about 20 minutes while stirring the reaction mixture and maintaining its temperature under reflux 
at 70 Celsius. After the addition, continue to stir the reaction mixture for 2 hours at 70 Celsius with constant 
stirring. After stirring for 2 hours, remove the heat source, and allow the reaction mixture to cool to room 
temperature, and then allow the reaction mixture to stand at room temperature for 12 hours. 12 hours later, filter-off 
any insoluble impurities, and then place the filtered reaction mixture into a rotary evaporator or vacuum distillation 
apparatus, and remove the benzene solvent at 60 Celsius under vacuum. After the benzene has been removed, 
remove the remaining residue, and then place into a clean vacuum distillation apparatus, and distill the product at 
54 Celsius under a vacuum of 10 millimeters of mercury to obtain a refined NPSF product. 


15. VX. TX-60; S-(2-diisopropylaminoethy])-O-ethyl methylphosphonothiolate; O- 
ethyl S-[2-(diisopropylamino)ethyl]methylphosphonothioate; Methylphosphonothioic 


acid S-[2-[bis(1-methylethyl)amino ethyl] O-ethyl ester 


H5C CH 
‘) a 3 
HO. WA | 
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Molecular Formula: CoH>»NO>2PS 


Formula Weight: 239.315242 


Composition: C(45.17%) H(9.27%) 
N(5.85%) O(13.37%) P(12.94%) 
S(13.40%) 


Molar Refractivity: 63.78 + 0.3 om 


Molar Volume: 220.7 + 3.0 cm: 


Parachor: 550.1 + 4.0 cm" 


Index of Refraction: 1.489 + 0.02 


Surface Tension: 38.5 + 3.0 dyne/em 


Density: 1.084 + 0.06 g/em* 


Polarizability: 25.28 + 0.5 10™"cm” 


RDBE: 1 


Monoisotopic Mass: 239.110885 Da 


Nominal Mass: 239 Da 


Average Mass: 239.3152 Da 


M+: 239.110336 Da 


M-: 239.111434 Da 


([M+H]+: 240.118161 Da 


[M+H]-: 240.119259 Da 


[M-H]+: 238.102511 Da 


[M-H]-: 238.103609 Da 


Smiles: 
O=P(O)(C)SCCN(C(C)CIC(C)C 


InChI = 1S/C9H22NO2PS/c1- 
8(2)10(9(3)4)6-7-14-13(5,11)12/h8- 


9H,6-7H2, 1-5H3,(H,11,12) 


The Granddaddy of all Nerve agents; VX forms a colorless odorless liquid, which has a distinct amber color when 
impure. When impure, it has a slight odor of rotten fish, and a thiosulfur like odor (reminiscent to a dilute odor of 
leaking natural gas). Pure VX is odorless, and gives absolutely no sign of its presence. VX has a melting point of — 
39 Celsius, and a boiling point of 298.4 Celsius (with decomposition). VX can be distilled at 157 Celsius under 5 
millimeters of mercury with only some decomposition. The solubility of VX in water is 1 gram in 32 grams of 
water (3% solution by weight). VX is very soluble in many organic solvents, fats, and lipids. The stability of VX. in 
water is absolutely remarkable. It can persist in water solution for up to 2 months under normal conditions. 
Droplets of VX onto water can persist for up to 3 months. VX shows no volatility under normal conditions, and 
evaporates about 1500 times slower then sarin. As with other agents, it is decomposed by bleaching powder, and 
alkalis. Although, solutions of alkalis decompose VX at much slower rates then the other nerve agents. The hal f- 
life of VX is 36 hours at 150 Celsius. VX is by far the greatest chemical warfare agent known to man. It can remain 
in almost any environment for up to 2 to 3 months without appreciable decomposition. The stability of VX in dry 
and cool environments can be even greater; up to 4 months. VX is the most effective and largest volume produced 
nerve agent in any military arsenal, and its manufacture and use has been strictly debated by most nations. The 
reasons are the fact that VX can persist for months in almost any environment, and these environments can become 
uninhabitable by humans and animals for very long periods of time, ranging from 2 months to 6 months. VX was 
stockpiled in huge quantities by the US, Soviet Union, and China during the cold war, and even to this day, huge 
stockpiles of VX are probably common by most nations who wish to make it. Some common Russian long-range 
missiles were equipped to carry up to 500 gallons of pure VX, and were capable of contaminating huge areas, 
including entire cities. Battlefield use of VX is delivered by many common munitions such as mortar shells, 
artillery bombs, aerial bombs, rockets, grenades, land mines, missiles, and common dissemination systems carried 
by aircraft, and ground vehicles. Due to VX’s environmental stability, its use in tactical warfare operations is more 
then relevant. In one tactical example, VX can be used to contaminate environments to “divert” enemy troops into a 
kill zone, hold back enemy troop advancements, preoccupy troop movements, or keep them from advancing in 
desired directions. Like land mines, VX can be used as such to ambush unsuspecting enemy personnel, and the like. 
Environments contaminated with VX can cause causalities to unprotected personnel for up to 3 months. The most 


common means of human contamination is through skin contact and absorption, or eye absorption. In many cases, 
people exposed to VX by skin contact will have no signs of contamination until its too late. VX can be 

disseminated using aerosols, explosives munitions, atomizers or humidifiers, or foggers. VX is a rapid acting 
casualty producing nerve agent capable of producing casualties within minutes of dissemination or exposure 
by personnel. Toxicity: Lethal dose 50% of population s.c. in rabbits: 0.0154 milligrams per kilogram of 
body weight. The Most toxic nerye agent known to man (that is in " primary" stockpile by militaries around 
the world). The lethal dose for the average man is about 0.009 milligrams per kilogram (734 micrograms 
lethal dose for man of 180 pounds of weight). When used properly, 5 milligrams of VX can kill 6.8 soldiers. 
Personnel exposed to non-lethal amounts of the agent may still become incapacitated within minutes of 
exposure, and will become unable to perform their normal duties as soldiers. Those personnel exposed to 
lethal doses will be dead within 15 minutes to 1 hour. VX is highly toxic through ingestion, inhalation, and 
skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 10 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): \0 Toxicity (as nerve agent): 10 


TOTAL EFFECTIVENESS (as nerve agent): 10 
OVERALL TOXICITY (as warfare agent): 10 
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Step 1: Preparation of Diethyl methylphosphonite 


Note: All flasks, and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep air out (with the exception of the 
filtration process using the Buchner funnel). Into a flask place 500 milliliters of anhydrous diethy] ether, 
followed by 117 grams of purified dichloromethylphosphine. Immediately thereafter, prepare a mixture by 
adding 96.6 grams of anhydrous ethyl alcohol to 313.5 grams of N,N-diethyl aniline. Then stir this ethyl alcohol 
solution to form a uniform mixture. Thereafter, place this solution into a dropping funnel, and attach the dropping 
funnel to the flask containing the ethyl ether. Then place the flask containing the ethyl ether and 

dichloromethyl phosphine into an ice bath, and quickly chill to 20 Celsius. Then add drop wise, the ethyl 
alcohol/N,N-diethylaniline mixture to the ethyl ether and dichloromethylphosphine mixture while stirring the ethyl 
ether/dichloromethylphophine mixture and maintaining its temperature at 20 to 30 Celsius. After the addition, 
continue to stir the reaction mixture for 90 minutes at 20 Celsius. After 90 minutes, remove the flask from the 
apparatus illustrated below, and then pour the entire contents of said flask into a Buchner funnel (connected to a 
mild vacuum, i.e. just like vacuum filtration), and filter-off any insoluble materials. Thereafter, quickly flush the 
empty reaction flask with 150 milliliters of anhydrous diethyl ether (to remove any residue clinging to the inner 
walls of the flask), and then pour said ether into the Buchner funnel. Then continue to vacuum filter the filtered-off 
insoluble materials, and then wash these filtered-off insoluble materials with two 150 milliliter portions of 
anhydrous diethyl ether. Then place the filtered reaction mixture into a distillation apparatus (illustrated in the 
second apparatus as below), and then remove the ether at 60 Celsius. Note: during the distillation, use a nitrogen 
purge. After all the ether has been removed, remove the remaining residue from the flask, and then place into a 
clean rotary evaporator, or vacuum distillation apparatus, and fractionally distill the product at 47 Celsius under a 


vacuum of 50 millimeters of mercury to obtain 111 grams of the desired product. Note: During the vacuum 
distillation process, no nitrogen purge should be used. 


electric stirrer reaction mixture 
ethyl alcohol and N,N-diethyl aniline 


filtered-off solids 


—— fo vacuum 


reaction mixture of diethyl ether 
and dichloromethylphosphine 


filtered reaction mixture (- =. 


Step 2: Preparation of ethyl 2-diisopropylaminoethyl methylphosphonite 


Note: All flasks and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep the air out. Into a suitable flask, 
place 37.5 grams of the product obtained in step 1, and then rapidly add 20.1 grams of 
2-diisopropylaminoethanol. Thereafter, gradually heat the reaction mixture to 110 Celsius over a period of 28 
minutes in a distillation apparatus (equipped with nitrogen purge and mercury bubbler). During the heating process, 
ethanol will be continuously distilled over. After the initial 28-minute heating period, continue to heat the reaction 
mixture at 110 Celsius for 33 minutes. Note: 6.3 grams of ethanol should be distilled over, so if at the end of the 
33-minute heating period, less then 6.3 grams of ethanol is in the receiver flask, continue heating at 110 to 150 
Celsius for additional time to recover all 6.3 grams of ethanol. After the heating period, and after all the ethanol has 
been recovered in the receiver flask, remove the heat source, and allow the reaction mixture to cool to room 
temperature. Note: During the cool down period, continue the nitrogen purge. Thereafter, remove the flask 
containing the reaction mixture, and place into a clean vacuum distillation apparatus, and then distill the reaction 
mixture at 48 Celsius under a vacuum of 50 millimeters of mercury to obtain the byproduct, diethyl 
methylphosphonite. Note: during the vacuum distillation process, do not use a nitrogen purge. The yield of this by- 
product will be about 16 grams. After this by-product has been removed, place the flask containing the remaining 
residue into a clean vacuum distillation apparatus, and fractionally distill the ethyl 2-diisopropylaminoethyl 
methylphosphonite at 54 Celsius under a vacuum of 0.10 millimeters of mercury to obtain about 22 grams of the 
desired ethyl 2-diisopropylaminoethyl methylphosphonite. Note: during the vacuum distillation process, do not use 
a nitrogen purge. 


Step 3: Preparation of VX 


Assemble the apparatus as illustrated, and then place 21 grams of the product obtained in step 2, into the reaction 
flask. Thereafter, begin a nitrogen purge to maintain an inert atmosphere within the reaction apparatus all 
throughout the process. Then place the reaction flask into an oil bath filled with ethylene glycol, and gently heat the 
contents in the reaction flask to 30 Celsius. Then, by use of a powder addition funnel, slowly add 2.9 grams of 
finely powdered rhombic sulfur over a period of about 5 minutes while stirring the ethyl 2-diisopoplyaminoethyl 
methylphosphonite product contained in the reaction flask. During the addition, maintain the reaction temperature 
at 30 Celsius. Note: during the addition of the sulfur, the temperature of the ethylene glycol oil bath may increase 
above 30 Celsius. To avoid any increase of temperature above 30 Celsius, small pieces of dry ice should be added 
to the ethylene glycol oil bath; an electric thermometer equipped with an LCD display should be used to monitor 
the temperature of the ethylene glycol oil bath. After the addition of the sulfur, continue to stir the reaction mixture, 
and maintain its temperature at 30 Celsius for about an additional 5 minutes. After which, immediately raise the 
temperature of the ethylene glycol oil bath to 120 Celsius as quickly as possible, but not too quick as to over heat 
above the recommended 120 Celsius mark. Then heat the reaction mixture while stirring for about 10 minutes at 
120 Celsius. After heating for 10 minutes, remove the heat source, and allow the reaction mixture to cool to room 
temperature. Then place the reaction mixture into a clean vacuum distillation apparatus, and vacuum distill the VX 


under high vacuum and under a temperature of 150 Celsius to obtain a relatively pure VX product. Note: do not use 
a nitrogen purge when vacuum distilling the VX. Note: Instead of vacuum distilling the VX, the reaction flask 
can be removed from the reaction apparatus illustrated below, and then any where from 50 to 500 milliliters 
of methylene chloride, ether, or any other desired solvent can be added to dissolve the VX product. This 
resulting mixture containing the desired solvent and the VX can then be evaporated under vacuum, or 
carefully distilled, to remove the solvent, and leave behind a refined VX product (well suitable for use in 
warfare operations), or can be used as such in chemical warfare operations when properly disseminated. 
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S-{2-[di(propan-2-yl)amino]ethyl} 

O-ethyl methylphosphonothioate 
Tnto an apparatus as illustrated in the following, pour into the addition funnel a solution prepared by adding 127 
grams of phosphoryl chloride into 500 milliliters of dry diethyl ether. Thereafter, pour into the reaction flask, a 
methyl magnesium chloride/ether solution containing 62 grams of methyl magnesium chloride in 500 grams of 
dry diethyl ether (prepared by passing methyl chloride gas into ether containing magnesium turnings). Thereafter, 
place the reaction apparatus in a dry ice/acetone bath as illustrated (70% dry ice/30% acetone), and chill the 


reaction mixture down to —60 Celsius. Once the contents in the reaction flask reach —60 Celsius, begin to slowly 
add in, drop-by-drop, the phosphoryl chloride/ether mixture from the addition funnel into the reaction mixture 
while rapidly stirring the reaction mixture and maintaining its temperature at —60 Celsius at all times. Once all the 
phosphoryl chloride/ether mixture has been added from the addition funnel, continue to stir the reaction mixture 
until the dry ice evaporates, and the reaction mixture slowly warms to room temperature. Once the reaction mixture 
has warmed to room temperature, disassemble the apparatus, and then pour the entire reaction mixture (even if it 
contains some insoluble residue) into a clean reaction flask, and then pour into the first addition funnel of this new 
apparatus a solution prepared by adding and dissolving 38 grams of 99% ethyl alcohol into 150 milliliters of dry 
diethy! ether. Then into the second addition funnel, pour in a solution prepared by adding and dissolving 135 
grams of 2-[di(propan-2-ylamino]ethanethiol into 350 milliliters of dry diethyl ether. Then pour into the 
reaction flask, 132 grams of pyridine, and then, by means of a dry ice/acetone bath (30% dry ice/70% acetone), 
chill the ingredients in the reaction flask to —-20 Celsius. Once the ingredients in the reaction flask reach —-20 
Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, 
slowly, both the 99% ethyl alcohol/ether mixture, and the 2-[di(propan-2-yl)amino]ethanethiol/ether mixture from 
the addition funnels, to the reaction mixture, while rapidly blending the reaction mixture and maintaining its 
temperature around —20 Celsius at all times. Once all the 99% ethyl alcohol/ether mixture, and the 2-[di(propan-2- 
ylamino]ethanethiol/ether solutions have been added from the addition funnels (note: make sure to add both 
solutions from the addition funnels at a rate so that both solutions are added at the same time), continue to stir the 
reaction mixture at a temperature around —10 to 5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone 
bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction 
mixture during the warming period. Once the reaction mixture has warmed to room temperature, disassemble the 
apparatus, and then pour the entire reaction mixture into a suitable large beaker, and then add in 1500 milliliters of 
dry ethyl acetate, and then manually stir for about 15 minutes. Note: upon the addition of the ethyl acetate, the 
magnesium chloride by-product will separate out. Now, filter-off the insoluble by-products of pyridine 
hydrochloride and magnesium chloride using a Buchner funnel under moderate suction, wash with two 250- 
milliliter portions of fresh ethyl acetate, and then pour the filtered reaction mixture into a clean beaker equipped 
with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend for 45 minutes (to absorb any 
moisture), then filter-off the sodium sulfate using a clean Buchner funnel under strong suction. Now, pour this 
filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether and ethyl acetate at 65 Celsius 
under moderate vacuum until no more ether and ethyl acetate is collected. Once this point is achieved, take the 
remaining left over reaction mixture (now free from ether and ethyl acetate), and place into a clean vacuum 
distillation apparatus, and vacuum distill at 157 Celsius at Smm of mercury until no more oily liquid product is 
collected. Once no more desired oily product is collected, turn off the vacuum, equalize the pressure, and then 
recover the oily liquid desired product from the receiver flask, and store it in a glass shatter-proof container in a 
cool dry place until use. 
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16. WVX. Sub- VX; S-(2-dimethylaminomethyl)-O-ethyl methylphosphonothiolate; O- 
ethyl S-[2-(dimethylamino)methyl}methylphosphonothioate 
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Molecular Formula: C,H|,.NO2PS 


Formula Weight: 197.235502 


Composition: C(36.54%) H(8.18%) 
N(7.10%) O(16.22%) P(15.70%) 
S(16.26%) 

Molar Volume: 179.3 + 3.0 cm* 


Molar Refractivity: 50.18 + 0.3 cm’ | 


Parachor: 438.9 + 4.0 cm* 


Index of Refraction: 1.471 + 0.02 


Surface Tension: 35.9 + 3.0 dyne/em 


Density: 1.099 + 0.06 g/cm? 


Polarizability: 19.89 + 0.5 10cm? 


RDBE: | 


Monoisotopic Mass: 197.063935 Da 


Nominal Mass: 197 Da 
M+: 197.063386 Da 
(M+H]+: 198.071211 Da 
[M-H]+: 196.055561 Da 
Smiles: O=P(C)(OCC)SCN(C)C 


Average Mass: 197.2355 Da 
M-: 197.064483 Da 
[M+H]-: 198.072308 Da 
[M-HI]-: 196.056658 Da 
InChI = 1S/C6OH16NO2PS/c1-5-9- 
10(4,8) 1 1-6-7(2)3/h5-6H2,1-4H3 


ITVX has similar properties to VX, and can be used as a substitute to VX. It is a colorless liquid with a faint odor of 
fish, and may be the usual amber color when impure. It has a boiling pint of 200 to 250 Celsius, and can be distilled 
at 87 Celsius under a vacuum of 5 millimeters of mercury. The toxicity and environmental persistence of ITVX 
would be lower then VX, due to its decreased molecular weight, but it would demonstrate excellent battle field use 
in place of VX. IIVX would have a melting point of about -60 to -40 Celsius. It is moderately soluble in water 
(248 grams per liter at pH 7), and is very soluble in the usual organic solvents. It can be effectively disseminated 
using aerosols, explosives munitions, atomizers or humidifiers, or foggers. ITVX is a fast acting casualty 
producing nerve agent capable of causing casualties within minutes of dissemination. Toxicity: Lethal dose 
50% of population: unknown, possibly as low as 0.05 milligrams per kilogram of body weight. The lethal 
dose for the average man may be about 0.014 to 0.057 milligrams per kilogram (1.14 to 4.6 milligrams lethal 
dose for man of 180 pounds of weight). Personnel exposed to non-lethal amounts of the agent may still 
become incapacitated within days of exposure, and will become unable to perform their normal duties as 
soldiers. I1VX is highly toxic through ingestion, inhalation, and skin and eye absorption. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent): 8 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 8 
TOTAL EFFECTIVENESS (as nerve agent): 9.3 
OVERALL TOXICITY (as warfare agent): 8 
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Step 1: Preparation of Diethyl methylphosphonite 


Note: All flasks, and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep air out (with the exception of the 
filtration process using the Buchner funnel). Into a flask place 500 milliliters of anhydrous diethyl ether, 

followed by 117 grams of purified dichloromethylphosphine. Immediately thereafter, prepare a mixture by 
adding 96.6 grams of anhydrous ethyl alcohol to 313.5 grams of N,N-diethyl aniline. Then stir this ethyl alcohol 
solution to form a uniform mixture. Thereafter, place this solution into a dropping funnel, and attach the dropping 
funnel to the flask containing the ethyl ether. Then place the flask containing the ethyl ether and 
dichloromethylphosphine into an ice bath, and quickly chill to 20 Celsius. Then add drop wise, the ethyl 
alcohol/N,N-diethylaniline mixture to the ethyl ether and dichloromethylphosphine mixture while stirring the ethyl 


ether/dichloromethylphophine mixture and maintaining its temperature at 20 to 30 Celsius. After the addition, 
continue to stir the reaction mixture for 90 minutes at 20 Celsius. After 90 minutes, remove the flask from the 
apparatus, and then pour the entire contents of said flask into a Buchner funnel (connected to a mild vacuum), and 
filter-off any insoluble materials. Thereafter, quickly flush the empty reaction flask with 150 milliliters of 
anhydrous diethy] ether (to remove any residue clinging to the inner walls of the flask), and then pour said ether 
into the Buchner funnel. Then continue to vacuum filter the filtered-off insoluble materials, and then wash these 
filtered-off insoluble materials with two 150 milliliter portions of anhydrous diethyl ether. Then place the 
filtered reaction mixture into a distillation apparatus, and then remove the ether at 60 Celsius. Note: during the 
distillation, use a nitrogen purge. After all the ether has been removed, remove the remaining residue from the 
flask, and then place into a clean rotary evaporator, or vacuum distillation apparatus, and fractionally distill the 
product at 47 Celsius under a vacuum of 50 millimeters of mercury to obtain 111 grams of the desired product. 
Note: During the vacuum distillation process, no nitrogen purge should be used. 


Step 2: Preparation of ethyl 2-dimethylaminomethy] methylphosphonite 


Note: All flasks and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep the air out. Into a suitable flask, 
place 37.5 grams of the product obtained in step 1, and then rapidly add 10.5 grams of 
2-dimethylaminomethanol. Thereafter, gradually heat the reaction mixture to 110 Celsius over a period of 28 
minutes in a distillation apparatus (equipped with nitrogen purge and mercury bubbler). During the heating process, 
ethanol will be continuously distilled over. After the initial 28-minute heating period, continue to heat the reaction 
mixture at 110 Celsius for 33 minutes. Note: 6.3 grams of ethanol should be distilled over, so if at the end of the 
33-minute heating period, less then 6.3 grams of ethanol is in the receiver flask, continue heating at 110 to 150 
Celsius for additional time to recover all 6.3 grams of ethanol. After the heating period, and after all the ethanol has 
been recovered in the receiver flask, remove the heat source, and allow the reaction mixture to cool to room 
temperature. Note: During the cool down period, continue the nitrogen purge. Thereafter, remove the flask 
containing the reaction mixture, and place into a clean yacuum distillation apparatus, and then distill the reaction 
mixture at 48 Celsius under a vacuum of 50 millimeters of mercury to obtain the byproduct, diethyl 
methylphosphonite. Note: during the vacuum distillation process, do not use a nitrogen purge. After this by-product 
has been removed, place the flask containing the remaining residue into a clean vacuum distillation apparatus, and 
fractionally distill the ethyl 2-dimethylaminomethyl methylphosphonite at 20 to 50 Celsius under a vacuum of | to 
0.10 millimeters of mercury to obtain the desired ethyl 2-dimethylaminomethyl methylphosphonite. Note: during 
the vacuum distillation process, do not use a nitrogen purge. 


Step 3: Preparation of IIVX 


Into a reaction flask, place 21 grams of the product obtained in step 2, into the reaction flask. Thereafter, begin a 
nitrogen purge to maintain an inert atmosphere within the reaction apparatus all throughout the process. Then place 
the reaction flask into an oil bath filled with ethylene glycol, and gently heat the contents in the reaction flask to 30 
Celsius. Then, by use of a powder addition funnel, slowly add 4.07 grams of finely powdered rhombic sulfur 
over a period of about 5 minutes while stirring the ethyl 2-dimethylaminomethyl methylphosphonite product 
contained in the reaction flask. During the addition, maintain the reaction temperature at 30 Celsius. Note: during 
the addition of the sulfur, the temperature of the ethylene glycol oil bath may increase above 30 Celsius. To avoid 
any increase of temperature above 30 Celsius, small pieces of dry ice should be added to the ethylene glycol oil 
bath; an electric thermometer equipped with an LCD display should be used to monitor the temperature of the 
ethylene glycol oil bath. After the addition of the sulfur, continue to stir the reaction mixture, and maintain its 
temperature at 30 Celsius for about an additional 5 minutes. After which, immediately raise the temperature of the 
ethylene glycol oil bath to 120 Celsius as quickly as possible, but not too quick as to over heat above the 
recommended 120 Celsius mark. Then heat the reaction mixture while stirring for about 10 minutes at 120 Celsius. 
After heating for 10 minutes, remove the heat source, and allow the reaction mixture to cool to room temperature. 
Then place the reaction mixture into a clean vacuum distillation apparatus, and vacuum distill the IfVX at 87 
Celsius under a vacuum of 5 millimeters of mercury to obtain a relatively pure ITVX product. Note: do not use a 
nitrogen purge when vacuum distilling the IVX. Note: Instead of vacuum distilling the ITVX, the reaction flask 
can be removed from the reaction apparatus, and then any where from 50 to 500 milliliters of methylene 
chloride, ether, or any other desired solvent can be added to dissolve the I[TVX product. This resulting 
mixture containing the desired solvent and the ITVX can then be evaporated under vacuum, or carefully 
distilled, to remove the solvent, and leave behind a refined IT'VX product (well suitable for use in warfare), 
or can be used as such in chemical warfare operations when properly disseminated. 
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Into a reaction flask, pour into the addition funnel a solution prepared by adding 127 grams of phosphoryl 
chloride into 500 milliliters of dry diethyl ether. Thereafter, pour into the reaction flask, a methyl magnesium 
chloride/ether solution containing 62 grams of methyl magnesium chloride in 500 grams of dry diethyl ether 
(prepared by passing methyl chloride gas into ether containing magnesium turnings). Thereafter, place the reaction 
apparatus in a dry ice/acetone bath as illustrated (70% dry ice/30% acetone), and chill the reaction mixture down to 
—60 Celsius. Once the contents in the reaction flask reach -60 Celsius, begin to slowly add in, drop-by-drop, the 
phosphoryl chloride/ether mixture from the addition funnel into the reaction mixture while rapidly stirring the 
reaction mixture and maintaining its temperature at —-60 Celsius at all times. Once all the phosphoryl chloride/ether 
mixture has been added from the addition funnel, continue to stir the reaction mixture until the dry ice evaporates, 
and the reaction mixture slowly warms to room temperature. Once the reaction mixture has warmed to room 
temperature, disassemble the apparatus, and then pour the entire reaction mixture (even if it contains some 
insoluble residue) into a clean reactions flask followed by adding to the first addition funnel of this new apparatus a 
solution prepared by adding and dissolving 38 grams of 99% ethyl alcohol into 150 milliliters of dry diethyl 
ether. Then into the second addition funnel, pour in a solution prepared by adding and dissolving 76 grams of 
(dimethylamino)methanethiol into 350 milliliters of dry diethyl ether. Then pour into the reaction flask, 132 
grams of pyridine, and then, by means of a dry ice/acetone bath (30% dry ice/70% acetone), chill the ingredients 
in the reaction flask to —20 Celsius. Once the ingredients in the reaction flask reach —20 Celsius, turn on the 
motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the 99% 
ethyl alcohol/ether mixture, and the (dimethylamino)methanethiol/ether mixture from the addition funnels, to the 
reaction mixture, while rapidly blending the reaction mixture and maintaining its temperature around —20 Celsius at 
all times. Once all the 99% ethyl alcohol/ether mixture, and the (dimethylamino)methanethiol/ether solutions have 
been added from the addition funnels (note: make sure to add both solutions from the addition funnels at a rate so 
that both solutions are added at the same time), continue to stir the reaction mixture at a temperature around —10 to 
5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone bath and allow the reaction mixture to warm to 
room temperature. Note: continue to rapidly blend the reaction mixture during the warming period. Once the 
reaction mixture has warmed to room temperature, disassemble the apparatus, and then pour the entire reaction 
mixture into a suitable large beaker, and then add in 1500 milliliters of dry ethy] acetate, and then manually stir 
for about 15 minutes. Note: upon the addition of the ethyl acetate, the magnesium chloride by-product will separate 
out. Now, filter-off the insoluble by-products of pyridine hydrochloride and magnesium chloride using a Buchner 
funnel under moderate suction, wash with two 250-milliliter portions of fresh ethyl acetate, and then pour the 
filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium 
sulfate, blend for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using a clean Buchner 


funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate- 
off the ether and ethyl acetate at 65 Celsius under moderate vacuum until no more ether and ethyl acetate is 
collected. Once this point is achieved, take the remaining left over reaction mixture (now free from ether and ethyl 
acetate), and place into a clean vacuum distillation apparatus, and vacuum distill at 157 Celsius at Smm of mercury 
until no more oily liquid product is collected. Once no more desired oily product is collected, turn off the vacuum, 
equalize the pressure, and then recover the oily liquid desired product from the receiver flask, and store it in a glass 
shatter-proof container in a cool dry place until use. 


17. V-sub x [Vx]. O-Ethy] 2-ethylthioethyl methylphosphonothioate 
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Molecular Formula: C7H1702PS>2 Formula Weight: 228.312442 
Composition: C(36.82%) H(7.51%) | Molar Refractivity: 59.09 + 0.3 cm 
014.02 %) P(13.57%) S(28.09%) 

Molar Volume: 202.5 + 3.0 cm” Parachor: 503.7 + 4.0 cm’ 

Index of Refraction: 1.495 + 0.02 Surface Tension: 38.2 + 3.0 dyne/em 

Density: 1.127 + 0.06 g/em* Polarizability: 23.42 + 0.5 10cm’ 
RDBE: | Monoisotopic Mass: 228.040756 Da 
Nominal Mass: 228 Da Average Mass: 228.3124 Da 
M+: 228.040207 Da M-: 228.041304 Da 
([M+H]+: 229.048032 Da [M+H]-: 229.049129 Da 
[M-H]+: 227.032382 Da [M-H]-: 227.033479 Da 

Smiles: CCOP(C)(=O)SCCSCC InChI = 18/C7H1702PS2/c 1-4-9- 

10(3,8)12-7-6-11-5-2/h4-7H2, 1-3H3 


V-sub x, is an odorless, colorless to slightly colored liquid. It has a boiling point of 280 to 320 Celsius, with 
decomposition starting around 150 Celsius. It can be distilled at 139 Celsius under a vacuum of 5 millimeters of 
mercury. The impure liquid may be light amber to brownish, or light tan in color. It is not very soluble in water, but 
is readily soluble in most common organic solvents. V-sub x is an effective biologically active agent, capable of 
being used in admixture with VX, or with other nerve agents. V-sub x demonstrates excellent stability, and 
persistence. Its persistence in the environment may be up to 2 months under normal conditions, but it may be less 
persistent then VX due to its second sulfur atom; gives rise to hydrolysis at a higher rate then VX. V-sub x can be 
disseminated from aerosols, explosives munitions, atomizers or humidifiers, or foggers. V-sub x is a fast acting 
nerve agent capable of causing casualties within 12 hours of dissemination. Personnel exposed to non-lethal 
amounts of the agent may still become incapacitated within days of exposure, and will become unable to 
perform their normal duties as soldiers. V-sub x is highly toxic through ingestion, inhalation, and skin and 
eye absorption. The toxicity through inhalation is unknown, but ranges from | to 6 milligrams. Eye 
absorption of as little as 5 milligrams may be fetal, and skin absorption of 8 to 12 milligrams may be fetal. 
The agent produces no irritation of any kind upon eye or skin contact, or inhalation. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent): 8 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 8 
TOTAL EFFECTIVENESS (as nerve agent): 9.3 
OVERALL TOXICITY (as warfare agent): 8 
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Step 1: Preparation of Diethyl methylphosphonite 


Note: All flasks, and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep air out (with the exception of the 
filtration process using the Buchner funnel). Into a flask place 500 milliliters of anhydrous diethy] ether, 
followed by 117 grams of purified dichloromethylphosphine. Immediately thereafter, prepare a mixture by 
adding 96.6 grams of anhydrous ethyl] alcohol to 313.5 grams of N,N-diethyl aniline. Then stir this ethyl alcohol 
solution to form a uniform mixture. Thereafter, place this solution into a dropping funnel, and attach the dropping 
funnel to the flask containing the ethyl ether. Then place the flask containing the ethyl ether and 
dichloromethylphosphine into an ice bath, and quickly chill to 20 Celsius. Then add drop wise, the ethyl 
alcohol/N,N-diethylaniline mixture to the ethyl ether and dichloromethylphosphine mixture while stirring the ethyl 
ether/dichloromethylphophine mixture and maintaining its temperature at 20 to 30 Celsius. After the addition, 
continue to stir the reaction mixture for 90 minutes at 20 Celsius. After 90 minutes, remove the flask from the 
apparatus, and then pour the entire contents of said flask into a Buchner funnel (connected to a mild vacuum), and 
filter-off any insoluble materials. Thereafter, quickly flush the empty reaction flask with 150 milliliters of 
anhydrous diethyl ether (to remove any residue clinging to the inner walls of the flask), and then pour said ether 
into the Buchner funnel. Then continue to vacuum filter the filtered-off insoluble materials, and then wash these 
filtered-off insoluble materials with two 150 milliliter portions of anhydrous diethyl ether. Then place the 
filtered reaction mixture into a distillation apparatus, and then remove the ether at 60 Celsius. Note: during the 
distillation, use a nitrogen purge. After all the ether has been removed, remove the remaining residue from the 
flask, and then place into a clean rotary evaporator, or vacuum distillation apparatus, and fractionally distill the 
product at 47 Celsius under a vacuum of 50 millimeters of mercury to obtain 111 grams of the desired product. 
Note: During the vacuum distillation process, no nitrogen purge should be used. 


Step 2: Preparation ethyl 2-ethylthioethyl methylphosphonite 


Note: All flasks, and apparatus should be flushed with nitrogen before each process (to remove oxygen), and all 
apparatus should be equipped with nitrogen purge and mercury bubblers to keep air out. Into a standard distillation 
apparatus, equipped with a nitrogen purge and a mercury bubbler, place 31 grams of diethyl methylphosphonite, 
followed by 24 grams of 2-ethylthioethanol. Thereafter, slowly heat the reaction mixture to 80 Celsius while 
stirring the reaction mixture. Note: During the distillation, ethanol will steadily distill over. Continue to heat and 
stir the reaction mixture at 80 Celsius until about 10 grams of ethanol is distilled over. After about 10 grams of 
ethanol has been collected, remove the heat source, and allow the reaction mixture to cool to room temperature. 
Note: During the cool down period, continue the nitrogen purge Then place the reaction mixture into a clean 
vacuum distillation apparatus, and vacuum distil at 40 Celsius under an extreme vacuum of 0.040 millimeters of 
mercury to obtain a refined product of ethyl 2-ethylthioethyl methylphosphonite. Note: During the vacuum 
distillation process do not use a nitrogen purge. 


Step 3: Preparation of V-sub x 


Into a reaction flask, place the refined product (obtained in step 2) into the reaction flask. Thereafter, begin a 
nitrogen purge to maintain an inert atmosphere within the reaction apparatus all throughout the process. Then place 
the reaction flask into an oil bath filled with ethylene glycol, and gently heat the contents in the reaction flask to 30 
Celsius. Then, by use of a powder addition funnel, slowly add 8.3 grams of finely powdered rhombic sulfur over 
a period of about 30 minutes while stirring the contents of the reaction flask. During the addition, maintain the 
reaction temperature below 50 Celsius. Note: during the addition of the sulfur, the temperature of the ethylene 
glycol oil bath may increase above 50 Celsius. To avoid any increase of temperature above 50 Celsius, small pieces 
of dry ice should be added to the ethylene glycol oil bath: an electric thermometer equipped with an LCD display 
should be used to monitor the temperature of the ethylene glycol oil bath. After the addition of the sulfur, continue 
to stir the reaction mixture, and maintain its temperature below 50 Celsius for about an additional 15 minutes. After 
which, immediately raise the temperature of the ethylene glycol oil bath to 100 Celsius as quickly as possible, but 
not too quick as to over heat above the recommended 100 Celsius mark. Then heat the reaction mixture while 
stirring for about 15 minutes at 100 Celsius. After heating for 15 minutes, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then place the reaction mixture into a clean vacuum distillation 
apparatus, and vacuum distill the V-sub x under high vacuum and under a temperature of 150 Celsius to obtain a 
relatively pure V-sub x product. Note: do not use a nitrogen purge when vacuum distilling the V-sub x. Note: 
Instead of vacuum distilling the V-sub x, the reaction flask can be removed from the reaction apparatus, and 
then any where from 50 to 500 milliliters of methylene chloride, ether, or any other desired solvent can be 


added to dissolve the V-sub x product. This resulting mixture containing the desired solvent and the V-sub x 
can then be evaporated under mild vacuum, or distilled at 40 Celsius (if using methylene chloride) to remove 
the solvent, and leave behind a refined V-sub x product (well suitable for warfare use), or can be used as 
such in chemical warfare operations when properly disseminated. 
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Into a reaction flask, pour into the addition funnel a solution prepared by adding 127 grams of phosphoryl 
chloride into 500 milliliters of dry diethyl ether. Thereafter, pour into the reaction flask, a methyl magnesium 
chloride/ether solution containing 62 grams of methyl magnesium chloride in 500 grams of dry diethyl ether 
(prepared by passing methyl chloride gas into ether containing magnesium turnings). Thereafter, place the reaction 
apparatus in a dry ice/acetone bath as illustrated (70% dry ice/30% acetone), and chill the reaction mixture down to 
—60 Celsius. Once the contents in the reaction flask reach -60 Celsius, begin to slowly add in, drop-by-drop, the 
phosphoryl chloride/ether mixture from the addition funnel into the reaction mixture while rapidly stirring the 
reaction mixture and maintaining its temperature at —-60 Celsius at all times. Once all the phosphoryl chloride/ether 
mixture has been added from the addition funnel, continue to stir the reaction mixture until the dry ice evaporates, 
and the reaction mixture slowly warms to room temperature. Once the reaction mixture has warmed to room 
temperature, disassemble the apparatus, and then pour the entire reaction mixture (even if it contains some 
insoluble residue) into a clean reaction flask, then pour into the first addition funnel of this new apparatus a solution 
prepared by adding and dissolving 38 grams of 99% ethyl alcohol into 150 milliliters of dry diethyl ether. Then 
into the second addition funnel, pour in a solution prepared by adding and dissolving 115 grams of 
2-[(dimethylamino)sulfany]]ethanethiol into 350 milliliters of dry diethyl ether. Then pour into the reaction 
flask, 132 grams of pyridine, and then, by means of a dry ice/acetone bath (30% dry ice/70% acetone), chill the 
ingredients in the reaction flask to -20 Celsius. Once the ingredients in the reaction flask reach —20 Celsius, turn on 
the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the 99% 
ethyl alcohol/ether mixture, and the (dimethylamino)methanethiol/ether mixture from the addition funnels, to the 
reaction mixture, while rapidly blending the reaction mixture and maintaining its temperature around —20 Celsius at 
all times. Once all the 99% ethyl alcohol/ether mixture, and the (dimethylamino)methanethiol/ether solutions have 
been added from the addition funnels (note: make sure to add both solutions from the addition funnels at a rate so 
that both solutions are added at the same time), continue to stir the reaction mixture at a temperature around —10 to 
5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone bath and allow the reaction mixture to warm to 
room temperature. Note: continue to rapidly blend the reaction mixture during the warming period. Once the 


reaction mixture has warmed to room temperature, disassemble the apparatus, and then pour the entire reaction 
mixture into a suitable large beaker, and then add in 1500 milliliters of dry ethyl acetate, and then manually stir 
for about 15 minutes. Note: upon the addition of the ethyl acetate, the magnesium chloride by-product will separate 
out. Now, filter-off the insoluble by-products of pyridine hydrochloride and magnesium chloride using a Buchner 
funnel under moderate suction, wash with two 250-milliliter portions of fresh ethyl acetate, and then pour the 
filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous 
sodium sulfate, blend for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using a clean 
Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and 
evaporate-off the ether and ethyl acetate at 65 Celsius under moderate vacuum until no more ether and ethyl acetate 
is collected. Once this point is achieved, take the remaining left over reaction mixture (now free from ether and 
ethyl acetate), and place into a clean vacuum distillation apparatus, and vacuum distill at 157 Celsius at 5mm of 
mercury until no more oily liquid product is collected. Once no more desired oily product is collected, turn off the 
vacuum, equalize the pressure, and then recover the oily liquid desired product from the receiver flask, and store it 
in a glass shatter-proof container in a cool dry place until use. 


PART 3: Epistle (1968-2017) 


Chapter 01: The preparation of nerve agents; 
the foundation to the chemistry of potent 
organ-phosphorus compounds 


All potential nerve agents are highly toxic cholinesterase inhibitors that have similar toxicities and properties as the 
well known agents like sarin, tabun, soman, and VX, but are not currently in use by most militaries or are still being 
investigated. Some potential nerve agents have actually been used as insecticides and pesticides in past decades, but 
have been banned for use by most countries. One such example is the insecticide Dimefox, which is a highly toxic 
cholinesterase inhibitor similar to soman. Other more common insecticides such as parathion were once widely 
used in past decades, but have been banned in most countries due to its toxicity, even though parathion is 5 times 
less toxic then sarin. Many of the experimental and potential nerve agents listed here are derivatives of commonly 
used insecticides and pesticides currently in use by many nations to spray crops protecting them from pests, and 
disease. In any since they are all potent organphosphorus compounds. 

The experimental and potential nerve agents fall into the same category as the more common agents used by 
militaries, and their toxicity, properties, physical symptoms of exposure, and treatments are similar as with known 
agents. As with the more common nerve agents, their history was discovered by accident as mentioned, by German 
chemists looking for more effective pesticides; however experimental and potential nerve agents are products and 
derivatives predicted by taking into consideration the physical nature, chemical structure, and make-up of the 
common nerve agents used in modern warfare, and many experimental and potential nerve agents are merely self 
predicted from the information already fully understood using the backbones, physical structure make-up, and 
intermediates used in the preparation of the more common nerve agents. The following illustration discusses the 
intermediates used in "predicting", and carrying out new syntheses procedures for the preparation of experimental 
and potential nerve agents. The following illustration also indicates the intermediates used in making the already 
known common nerve agents stockpiled and manufactured by various militaries. In essence, there are literally 
thousands of potential nerve agents that have similar toxicities and properties as the more common nerve agents 
such as sarin, soman, tabun, and VX, but it is economically unviable to actually manufacture thousands of agents, 
when only a small handful are useful and fulfill their military applications. Even though there are literally 
thousands of potential lethal nerve agents, many countries only slowly research and synthesize many of the 
potential agents as the more common agents such as sarin, soman, tabun, and VX are very well known, and fulfill 
all the military requirements; however, as time goes by, it is very possible that some of these newer potential agents 
will demonstrate more effectiveness and better properties for military use, and may actually replace ageing 
stockpiles of nerve agents such as sarin, tabun, soman, and VX. Nevertheless, it should be known that chemical 
warfare research and development in many countries have suffered government cutbacks, and chemical research in 
many countries is not a top military priority anymore. In fact many countries have actually completely cutback, or 
halted once viable chemical research programs; therefore, the experimental and potential nerve agents listed in this 
chapter are considered the most useful experimental and potential agents that could some day replace the more 
older and common ageing nerve agents for future use in the 21st century. 
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1. Panthion-1B; O,S-dimethyl ethylphosphonothioate 
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2 
a 
Molecular Formula = C;H,;O2PS Formula Weight = 154.167702 
Composition = C(31.16%) H(7.19%) Molar Refractivity = 37.19 + 0.3 
0(20.76%) P(20.09%) S(20.80%) cm? 
Molar Volume = 139.0 + 3.0 cm Parachor = 333.7 + 4.0 cm> 
Index of Refraction = 1.447 + 0.02 Surface Tension = 33.1 + 3.0 
dyne/em 
Density = 1.108 + 0.06 g/cm’ Polarizability = 14.74 + 0.5 10™cm> 
Monoisotopic Mass = 154.021736 Da | Nominal Mass = 154 Da 
Average Mass = 154.1677 Da M+ = 154.021187 Da 
M- = 154.022284 Da [M+H]+ = 155.029012 Da 
[M+H]- = 155.030109 Da [M-H]+ = 153.013362 Da 
[M-H]- = 153.014459 Da Smiles; CCP(=O)(OC)SC 
InChI = 18/C4H1102PS/c1-4-7(5,6- 
2)8-3/h4H2, 1-3H3 


O,S-dimethyl ethylphosphonothioate forms a mobile colorless to amber colored liquid, with a boiling point of 71 
Celsius at 39mm of mercury, or a boiling point of 145 Celsius at 178mm of mercury. The liquid has a boiling point 
of 209 Celsius at 760mm of mercury. The liquid has a melting point of undetermined origin, but has been estimated 
to be around -56 to -45 Celsius. The liquid is insoluble in water, but moderately soluble in methylene chloride, 
hexane, carbon disulfide, and liquid sulfur dioxide. O,S-dimethyl ethylphosphonothioate is a V agent class nerve 
agent with moderate toxicity. It is non-volatile, and is only very slowly hydrolyzed by water (half life: 18.5 hours at 
room temperature). The liquid is non reactive towards bases or moderate oxidizing agents, so decontamination is 
difficult (see vide supra VX). O,S-dimethyl ethylphosphonothioate is a fast acting cholinesterase inhibitor with 
similar biological activity as the V-agents, but less toxicity then well known V agents, i.e, nerve agent VX. O,S- 
dimethyl ethylphosphonothioate has a LDsy of 1.19 mg per/Kg, but may be as low as 0.91 mg per/Kg in humans, 
mainly through inhalation. Inhalation or skin absorption from as low as 0.50 mg per/Kg may cause serious delayed 
acute illnesses including vomiting, nausea, un-controlled bowl discomfort, muscle tremors, excessive eye watering, 
and many other acute illnesses, many of which can last for days even weeks. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 6 Field Stability: 6.9 in moist environments; 9.8 
in dry environments 
Persistence (open area): 8.5 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 9.8 Toxicity (as nerve agent): 7.9 (ingestion), 8.5 
(inhalation) 
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Step 1: preparation of ethyl dichlorophosphine 


Into the left reflux apparatus as illustrated below, pour in 750 milliliters of methylene chloride, and then add in 
164 grams of ethyl phosphine, and then stir the mixture for about 10 minutes. Thereafter, turn on the heating 
mantle to 40 Celsius with rapid stirring. Once the mixture reaches 40 Celsius under reflux, begin to pas in dry 
chlorine gas at a flow rate of 450 mg per/minute while continuing to reflux the reaction mixture at 40 Celsius under 
rapid stirring. Continue to pass in dry chlorine under reflux and rapid stirring until 481 grams of dry chlorine gas 
has been added. Once, all the chlorine has been added, continue to reflux the reaction mixture at 40 Celsius under 
rapid stirring for 4 hours. After 4 hours, turn off the heating mantle and allow the reaction mixture to cool to room 
temperature. Now, once the reaction mixture has cooled to room temperature, turn off the motorized stirrer, and 
then disassemble the apparatus; thereafter, pour the entire reaction mixture into the vacuum apparatus as illustrated 
in the right illustration as follows, and then turn on the vacuum pump to 100mm of mercury and turn on the heating 
mantle to 90 Celsius. Then, while refluxing the reaction mixture at 90 Celsius under stirring, continue to vacuum 
pump the apparatus at 90mm of mercury for 6 hours to suck out the hydrogen chloride by-product. After 6 hours of 


vacuum, most of the hydrogen chloride should have been removed: thereafter, turn off the vacuum pump, equalize 
the pressure inside the apparatus to STP, turn off the motorized stirrer, and allow the reaction mixture to cool to 
room temperature. Thereafter, disassemble the vacuum apparatus, and then pour the remaining reaction mixture 
into a rotary vacuum apparatus, and vacuum distill the reaction mixture at 112 Celsius under a vacuum of 500mm 
of mercury until no more desired product distills over or is collected. Once no more desired product of ethyl 
dichlorophosphine is collected, turn off the rotary evaporator and vacuum, and then recover the desired product of 
ethyl dichlorophosphine, and then store it in a amber glass bottle in a desiccator over sulfuric acid until use for step 
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Step 2: preparation of ethyl phosphoryl! chloride 


Into the apparatus as illustrated in the following, pour in 600 milliliters of dry carbon tetrachloride, followed by 
the ethyl dichlorophosphine prepared in step 1, and then secure the ice bath, and chill the mixture down to —5 to 0 
Celsius. Once the mixture is cooled to —5 to 0 Celsius, turn on the motorized stirrer, and then through the top of the 
condenser as illustrated, carefully, and slowly add in, in 500mg portions at a time, 122 grams of powdered 
potassium chlorate while rapidly stirring the reaction mixture, and maintaining its temperature around 0 to 10 
Celsius at all times. Once all the potassium chlorate has been added, continue to stir the reaction under vigorous 
agitation, but remove the ice bath, and continue the stirring for 4 hours. Note: during the initial reaction, some toxic 
phosgene may form so use caution. After 4 hours, disassemble, and rearrange the apparatus forming a reflux 
apparatus, reflux the reaction mixture at 150 Celsius for 1 hour. Now, after 1 hour, while the mixture is still hot, 
disassemble the reflux apparatus, and then quickly filter-off the insoluble by-product of potassium chloride using a 
clean dry Buchner funnel under moderate suction. Thereafter, allow the filtered reaction mixture to cool to room 
temperature. Thereafter place the cooled reaction mixture into a standard rotary evaporator, and remove the carbon 
tetrachloride at 90 Celsius under no vacuum. Continue to distill off the carbon tetrachloride until no more carbon 
tetrachloride passes over or is collected, and a glassy residue remains. Once no more tetrachloride is collected, turn 
off the rotary evaporator, and allow the left over residue to cool to room temperature. Once it has, remove this left 
over residue of ethyl phosphoryl chloride, and place it into a clean standard vacuum distillation apparatus, and 
distill the desired product at 90 Celsius under a vacuum of 23mm of Hg until no more desired product distills over 
or is collected. Note: the receiver flask should be contained in a hot water bath to keep the desired product molten, 
so when all the desired product has been collected, it will be easy to know. Once no more desired product is 
collected, stop the vacuum distillation process, remove the vacuum, equalize the pressure to STP, turn off the 
heating mantle, and allow the apparatus to cool to room temperature. Now, remove the receiver flask containing the 
molten desired product from the hot bath, and then pour this molten desired product into nickel crucible, and allow 
it to cool, where upon it will solidify. Once it has cooled and solidified, crush it into a powder, and then store it ina 
desiccator over sulfuric acid until use for step 3. 
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Step 3: preparation of methyl! ethylphosphonochloridate 


Into a standard reflux apparatus, equipped with bulb condenser, motorized stirrer, thermometer, and salt/ice bath, 
pour in 750 milliliters of dry hexane, followed by 97 grams of dry pure methanol. Now, chill the mixture to —20 
to -10 Celsius using an excess amount of salt/ice in the bath. Thereafter, once the reaction mixture has been cooled 
to -20 to -10 Celsius, begin to add, through the top of the reflux bulb condenser the crushed powdered product of 
ethyl phosphoryl chloride obtained in step 2, in 1 gram portions at a time, while rapidly stirring the reaction mixture 
and maintaining it temperature around —10 to 0 Celsius at all times. Note: during the reaction, hydrogen chloride 
gas will be steadily evolved, and if desired a simple vacuum can be used to suck it away. Once all the ethyl 
phosphoryl chloride product obtained in step 2 has been added to the reaction mixture, continue to stir the reaction 
mixture under rapid agitation and at a temperature of —10 to 5 Celsius for 4 hours. Now, after 4 hours, remove the 
salt/ice bath, replace it with a heating mantle, begin to pass cold water into the bulb reflux condenser, turn on the 
motorized stirrer, and then reflux the reaction mixture at 80 Celsius for 2 hours. Note: during this reflux process 
most of the hydrogen chloride by-product would have been evaporated away. After 2 hours, turn off the heating 
mantle, and continue to rapidly stir the reaction mixture under rapid agitation until the reaction mixture cools to 


room temperature. Once the reaction mixture has cooled to room tem 


perature, disassemble the reflux apparatus, 


and then pour the entire reaction mixture into a clean dry rotary evaporator and evaporate-off the hexane at 70 


Celsius under very mild vacuum until no more hexane passes over or 


is collected. Once this point is achieved, stop 


the rotary evaporator process, recover the remaining syrupy liquid desired product of methyl 


ethyl phosphonochloridate left behind, and then place this syrupy desi 
ethylphosphonochloridate into a standard vacuum distillation appara' 
on how to setup a vacuum apparatus system), and vacuum distill the 
of 60mm of mercury until no more desired product is obtained. Note: 
ethylphosphonochloridate forms a colorless to slightly amber free flo 


red product of methyl 

us (by this point, you should be well informed 
desired product at 63 Celsius under a vacuum 
the distilled desired product of methyl 

wing liquid. Now, once no more desired 


product is obtained, strop the vacuum distillation process as usual, equalize the pressure to STP, and then 


disassemble the apparatus once it has cooled to room temperature. 'T 
desired product of methyl ethylphosphonochloridate and store it in a 
until use for the final step 4. 
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Step 4: preparation of O,S-dimethyl ethylphosphonothioate 


Into the left illustration as illustrated in the following, pour in 600 milliliters of hexane, followed by the liquid 
product of methyl ethylphosphonochloridate obtained in step 3, and then turn on the motorized stirrer, and place the 
apparatus in a ice bath, and chill the mixture to 0 Celsius. Once the mixture reaches 0 Celsius, begin to drip in, in 
small portions at a time, 145 grams of liquid methylthiol over a period of 3 hours, while rapidly stirring the 
reaction mixture and maintaining its temperature around 5 to 10 Celsius at all times. Once all the liquid methylthiol 
from the addition funnel has been added, continue to stir the reaction mixture at a temperature of 5 to 10 Celsius for 
2 hours. After 2 hours, replace the addition funnel with a thermometer forming the reflux apparatus as illustrated in 
the right illustration, and then turn on the heating mantle to 80 Celsius, and reflux the reaction mixture at 80 Celsius 
under rapid agitation for 4 hours. Note: during this 4-hour reflux period, hydrogen chloride by-product gas will be 
removed by evaporation. After 4 hours, turn off the heating mantle and allow the reaction mixture to cool to room 
temperature while continuing to rapidly stir the reaction mixture during this cool down period. Once the reaction 
mixture has cooled to room temperature, disassemble the reflux apparatus, and then pour the entire reaction mixture 
into a clean dry rotary evaporator and evaporate-off the hexane at 70 Celsius under very mild vacuum until no more 
hexane passes over or is collected. Once this point is achieved. stop the rotary evaporator process, recover the 
remaining syrupy liquid desired product of O,S-dimethyl ethylphosphonothioate, and place it into a clean standard 
vacuum distillation apparatus, and vacuum distill at 71 Celsius under a vacuum of 39mm of mercury until no more 
liquid desired product distills over or is collected. Once no more desired liquid product is collected or obtained, 
stop the vacuum distillation process, equalize the apparatus to STP, and allow it to cool. Finally, remove the 
receiver flask containing the desired syrupy liquid product of O,S-dimethyl ethylphosphonothioate, and pour it into 
a amber glass jar, and store in a Ziploc bag in a refrigerator until use. 
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2, Panthion-2B; O,S-dimethy] ethylphosphonodithioate 
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NON 
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HC 
Molecular Formula = CyHi:OPS> Formula Weight = 170.233302 
Composition = C(28.22%) H(6.51%) Molar Refractivity = 44.45 + 0.3 
O(9.40%) P(18.19%) S(37.67%) cm: 
Molar Volume = 146.9 + 3.0 cm* Parachor = 375.2 + 4.0 cm‘ 
Index of Refraction = 1.517 + 0.02 Surface Tension = 42.5 + 3.0 
dyne/cm 
Density = 1.158 + 0.06 g/cm* Polarizability = 17.62 + 0.5 10™%cm> 
Monoisotopic Mass = 169.998891 Da Nominal Mass = 170 Da 
Average Mass = 170.2333 Da M+ = 169.998342 Da 
M- = 169.99944 Da [M+H]+ = 171.006167 Da 
LM+H]- = 171.007265 Da [M-H]+ = 168.990517 Da 
[M-H]- = 168.991615 Da Smiles: CCP(=S)(OC)SC 
InChI=1 S/C4H1 1OPS2/cl -4-6(7,5- 
2)8-3/h4H2, 1-3H3 


O,S-dimethyl ethylphosphonodithioate forms a amber colored syrupy liquid with a boiling point at 760mm of 
mercury of 167 to 179 Celsius. The liquid can be distilled at 75 Celsius under a vacuum of 15mm of mercury. As in 
procedure 13-019, this compound is merely an example of such agents made in the forgoing manner, and these two 
agents are classified as V agents, but with much less toxicity then VX. The liquid is moderately soluble in hexane, 
methylene chloride, carbon tetrachloride, and carbon disulfide. The liquid, when added to water, it sinks to the 
bottom, and has no reaction, even when the water is hot; however, when the water is boiled a slow hydrolyses 
begins whereby the phosphorus-to-oxygen and phosphorus-to-sulfur bonds are slowly broken neutralizing the agent 
forming non toxic products; the hydrolyses of these bonds is sped up in strong alkaline solution. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (nerve agent): 6.5 Field Stability: 8.9 in moist environments; 9.9 
in dry environments 
Persistence (open area): 9.9 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 6.9 (ingestion), 7.9 
(inhalation) 
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POTENT SKIN] Betty ait) 
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O,S-dimethyl ethylphosphonodithioate 


Step 1: preparation of O-methyl ethylphosphonochloridothioate 


Into a 3-neck flask, sitting inside a salt/ice bath, and equipped with addition funnel, motorized stirrer, and 
thermometer, pour in 750 milliliters of carbon tetrachloride, and then add in 115 grams of ethyl thiophosphoryl 
chloride. Now, when these ingredients reach a temperature around —10 Celsius, turn on the motorized stirrer, and 
then place 23 grams of pure dry methanol into the addition funnel, and then slowly drip in this methanol into the 
reaction mixture over a period of 30 minutes while rapidly stirring the reaction mixture and maintaining the 
temperature around —10 Celsius at all times. Once all the methanol has been added, continue to stir the reaction 
mixture at a temperature around 5 to 0 Celsius for 1 hour. After 1 hour, remove the salt/ice bath, and allow the 
reaction mixture to warm to room temperature. Now, once the reaction mixture has warmed to room temperature, 
disassemble the apparatus, and then pour the entire reaction mixture into a vacuum distillation apparatus, and 
vacuum distill-off the carbon tetrachloride at 70 Celsius under a vacuum of 250mm of mercury. Note: during the 
distillation the carbon tetrachloride will distill over, and the hydrogen chloride by-product will be carried away so 
use a alkali trap to absorb the hydrogen chloride. Continue to distill the reaction mixture at the aforementioned 
temperature and vacuum until no more carbon tetrachloride distills over. Once no more carbon tetrachloride distills 
over, most if not all the hydrogen chloride by-product would have been removed; thereafter, stop the distillation 
process, turn off the vacuum, and equalize the pressure inside the apparatus to STP, and allow the left over 
remaining syrupy residue to cool to room temperature. This left over syrupy residue will be the impure desired 
product of O-methyl ethylphosphonochloridothioate. Finally, disassemble the vacuum apparatus, and place this 
crude desired product of O-methyl ethylphosphonochloridothioate into a clean two-path vacuum distillation 
apparatus (two receiver flasks), and distill the desired product at 137 Celsius under a vacuum of 15mm of mercury, 
until no more product is collected in the upper of the two receiver flasks. Note: the lower receiver flask will contain 
heavier residues and can be discarded. Now, when no more desired product is collected or distilled over into the 
second receiver flask, stop the vacuum distillation, equalize the pressure in the usual manner, and then remove the 
second receiver flask, and then place its contents containing the desired product of O-methyl 
ethylphosphonochloridothioate into a clean glass container, and store in a cool dry place until use for step 2. 


Step 2: preparation of O,S-dimethy] ethylphosphonodithioate 


Into a standard reflux apparatus, equipped with reflux bulb condenser, motorized stirrer, and special addition funnel 
equipped with outer jacket for cooling (use ice), pour in 500 milliliters of methylene chloride, followed by the 
product of O-methyl ethylphosphonochloridothioate prepared in step 1, and then add in 34 grams of pre-chilled 
liquid methylthiol: thereafter, turn on the motorized stirrer, and while keeping the reaction mixture at room 
temperature, slowly drip in, the liquid methylthiol over a period of 30 minutes while rapidly stirring the reaction 
mixture and maintaining its temperature around room temperature. Now, once all the liquid methylthiol has been 
added, turn on the heating mantle, and begin passing cold water through the outer jacket of the bulb condenser and 
begin to reflux the reaction mixture at 50 Celsius for 3 hours. After 3 hours, turn off the heating mantle and stop the 
reflux process, and allow the reaction mixture to cool to room temperature. Once the reaction mixture has cooled to 


room temperature, disassemble the reflux apparatus, and then pour the entire reaction mixture into a standard 
vacuum distillation apparatus, equipped with alkali trap to collect the hydrogen chloride by-product, and vacuum 
distill the reaction mixture at 40 Celsius under a vacuum of 300mm of mercury, until no more methylene chloride 
distills over. Note: as in step 1, the hydrogen chloride by-product will be carried over during the distillation process 
use a proper trap in the usual manner. Now, once no more methylene chloride passes over or is collected, stop the 
distillation process, turn off the vacuum, equalize the pressure in the usual manner, and allow the left over 
remaining syrupy residue to cool to room temperature. Finally, remove this left over syrupy residue containing the 
desired product of O,S-dimethyl ethylphosphonodithioate into a three-path high vacuum distillation apparatus 
(containing 3 receiver flasks), and distill this syrupy residue at 75 Celsius under a vacuum of 15mm of mercury 
until no more desired product of O,S-dimethy! ethylphosphonodithioate is collected in the upper third receiver 
flask. Now, when no more desired product is obtained in the upper third receiver flask, stop the distillation process, 
turn off the vacuum, equalize the pressure inside the apparatus in the usual manner, and then take the contents in 
the upper third receiver flask, and pour the syrupy liquid into a clean glass jar sealed air tight, and store ina sate 
place, until use. Note: the middle second receiver flask and lower first receiver flasks will contain higher density 
residues and can be discarded. 


3. Dimefox; Bis-(dimethylamino)-phosphoryl fluoride; N,N,N',N'- 
tetramethylphosphorodiamidic fluoride; Pestox XIV 


N 


Ho Son, 


Molecular Formula = C4H)2FN20P Formula Weight = 154.1230452 
Composition = C(31.17%) H(7.85%) Molar Refractivity = 35.06 + 0.3 
F(12.33%) N(18.18%) O(10.38 %) em? 
P(20.10%) 
Molar Volume = 138.6 + 3.0 cm® Parachor = 324.2 + 4.0 cm* 
Index of Refraction = 1.419 + 0.02 Surface Tension = 29.9 + 3.0 
dyne/em : 
Density = 1.111 + 0.06 g/cm’ Polarizability = 13.89 + 0.5 10 “cm? 
Monoisotopic Mass = 154.067127 Da Nominal Mass = 154 Da 
Average Mass = 154.123 Da M+ = 154.066579 Da 
M- = 154.067676 Da [M+H]+ = 155.074404 Da 
[M+H]- = 155.075501 Da [M-H]+ = 153.058754 Da 
[M-H]- = 153.059851 Da Smiles: CN(C)P(F)(=O)N(C)C 
InChI = 1S/C4H12FN20P/cl- 
6(2)9(5,8)7(3)4/h1-4H3 


Dimefox forms a colorless to lightly amber liquid with a boiling point of 213 Celsius at 500mm of mercury; 86 
Celsius at 15mm of mercury; or 67 Celsius at 4mm of mercury. The liquid has a fishy odor, and hence gives signs 
of its presence. Dimefox is very soluble in water, ether, benzene, methylene chloride, DMSO, carbon disulfide, 
hexane, and many other solvents. The aqueous solution is stable, but on prolonged storage, aqueous solutions 
slowly deteriorate and hydrolyses takes place (6 months—half life 245 days at 20 Celsius). Dimefox is a potential 
battlefield nerve agent that is most likely to be used admixed with other chemical warfare agents such as blister 
agents, or phosgene oxime. Dimefox is a highly toxic cholinesterase inhibitor once used as an insecticide during the 
1970's, but was banned in the US due to it's high toxicity. Dimefox can be easily decontaminated using alkali 
hydroxides or carbonates. Any standard military gas mask provides adequate protection against this agent. The 


LDsy in humans ranges from 0.9 to 1.5 mg per/Kg. Lethal dose for man may be as low as 65 mg. Dimefox is a dual 
"N" agent, and is a fast acting casualty producing agent. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 5.5 Field Stability: 8 in moist environments; 10 in 
dry environments 
Persistence (open area): 8.5 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 9.5 Toxicity (as nerve agent): 5 (ingestion), 6.1 
(inhalation) 5.2 (eye absorption) 
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Aqueous solutions are stable, but prolonged storage gives way to partial hydrolyses. 
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N,N,N ,N-tetramethylphosphorodiamidic fluoride 


Into an a apparatus as illustrated in the following place a ether solution pre-prepared by adding and dissolving 201 
grams of phosphoryl! dichlorofluoride into 1000 milliliters of dry fresh diethyl ether, and then pour this ether 
solution into the addition funnel as illustrated. Thereafter, prepare a solution by adding 265 grams pre-chilled 
liquid dimethylamine into 1500 milliliters of dry fresh diethyl ether, and then pour this ether solution into the 
reaction flask as illustrated. Then, turn on the motorized stirrer to high speed, and then slowly add in the 
phosphoryl dichlorofluoride/ether mixture from the addition funnel into the dimethylamine/ether reaction mixture 
over a period of about 45 minutes while maintaining the temperature of the reaction mixture below 35 Celsius at all 
times. Note: during the addition of the phosphoryl dichlorofluoride, a vigorous reaction will take place, so use 
caution, and monitor the temperature of the reaction mixture. After all the phosphoryl dichlorofluoride/ether 
mixture has been added, continue to stir the reaction mixture at a temperature below 35 Celsius for 2 hours. After 
about 2 hours, remove the water bath, turn off the motorized stirrer, and then disassemble the apparatus, and then 
filter-off the insoluble by-product of dimethylamine hydrochloride, using a Buchner funnel under moderate suction, 
wash with two 250-milliter portions of fresh diethyl ether, and thereafter, dry this filtered ether reaction mixture 
by adding to it, 50 grams of anhydrous sodium sulfate, stir for 30 minutes, and then filter-off the sulfate using the 
a clean Buchner funnel under rapid suction. Thereafter, place this filtered dried ether mixture into a rotary 
evaporator, and evaporate-off the ether at 30 Celsius under moderate vacuum until no more ether passes over or is 
collected. Once this point is achieved, turn off the rotary evaporator, equalize the pressure, and then recover the left 
over remaining residue from the rotary evaporator, and place this residue into a clean standard vacuum distillation 
apparatus, and vacuum distill this residue at 86 Celsius under a vacuum of 15mm of mercury until no more desired 
product of Dimefox is obtained. The yield is about 90% of the theoretical. The collected Dimefox should then be 
stored in a clean glass jar, sealed airtight, and stored in a cool dry place until use. 
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4. Isofluorophate; XIL-90; Di-isopropyl] fluorophosphonate; dipropan-2-yl 
phosphorofluoridate 


Molecular Formula = Cs5H,4FO3P 


Formula Weight = 184.1457252 


Composition = C(39.13%) H(7.66%) 
F(10.32%) O(26.07%) PU6.82%) 


Molar Refractivity = 40.29 + 0.3 
cm? 


Molar Volume = 170.6 + 3.0 cm” 


Parachor = 386.5 + 4.0 cm* 


Index of Refraction = 1.388 + 0.02 


Density = 1.079 + 0.06 g/cm* 


Surface Tension = 26.3 + 3.0 
dyne/em 
Polarizability = 15.97 + 0.5 10cm? 


Monoisotopic Mass = 184.066459 Da 


Nominal Mass = 184 Da 


Average Mass = 184.1457 Da 


M+ = 184.06591 Da 


M- = 184.067007 Da 


[M+H]+ = 185.073735 Da 


[M+H]- = 185.074832 Da 


[M-H]+ = 183.058085 Da 


[M-H]- = 183.059182 Da 
InChI = 1S/C6H14FO3P/c1-5(2)9- 
11(7,8)10-6(3)4/h5-6H, 1-413 


Smiles: FP(=O)(OC(C)C)OC(C)C 


Di-isopropyl fluorophosphonate forms a colorless to light amber oily liquid with a boiling point of 285 Celsius 
760mm of mercury; at a vacuum of 25mm of mercury it distills at 85 Celsius. The compound has a melting point of 
—82 Celsius. The compound is soluble in ether, carbon tetrachloride, hexane, DMSO, ethyl acetate, toluene, and 
petroleum ether; also it is soluble in many oils such as olive oil, and corn oil. The compound is readily dissolved in 


water at room temperature, but solutions of di-isopropyl fluorophosphonate in water begins to hydrolyze within | 
hour, with increase in heat, and increase in hydrolyses forming hydrofluoric acid, which begins to corrode glass 
containers. Di-isopropyl fluorophosphonate is used somewhat in medicine as a parasympathomimetic drug, used in 
ophthalmology as a miotic agent in treatment of chronic glaucoma, and and as an experimental agent in 
neuroscience; however di-isopropyl fluorophosphonate is a potent cholinesterase inhibitor, and neurotoxin, and has 
an LDso of 1.4 mg per/Kg, and its lethal dose in man may be as low as 89 mg; nevertheless, it's toxicity is much less 
then other G agents. However, like Dimefox, it's most potential use is admixed with vesicants like the sulfur and 
nitrogen mustards to lower melting points for use in very cold weather climates. Other then mixing with other 
chemical warfare agents, it's hardly likely that di-isopropyl fluorophosphonate would be used by itself, and proper 
military chemical protection is more then enough to protect the soldier from this agent; however, it should be 
known that mixtures of this agent with the nitrogen mustards and phosgene oxime form potent and highly irritating 
mixtures that give the soldier only seconds warning of their presence, and hence the soldier has very little time to 
react, and by the time the soldier has his protective gear on, a incapacitating dose of 30 to 40 mg may already have 
been exposed by the soldier leading to the soldiers dis-masking to vomit, and thus exposing the soldier to more of 
the mixture called XX-PH2, which is a mixture of 50 parts Di-isopropyl fluorophosphonate, 30 parts nitrogen 
mustard, and 20% phosgene oxime. Di-isopropyl fluorophosphonate by itself is a fast acting casualty producing 
agent, but only when the lethal dose has been exposed; lower doses produce incapacitating results including severe 
eye tearing, breathing problems, vomiting, and spasms. Di-isopropyl fluorophosphonate is easily decontaminated 
by alkali hydroxides or carbonates. Decontamination of XX-PH2 is more difficult, and alkali hydroxides and 
carbonates only partially destroy the di-isopropyl fluorophosphonate, but have no effect on the nitrogen mustard, or 
phosgene oxime. Decontamination of XX-PH2 can only be carried out by using a towel or rag soaked in hot 
concentrated potassium permanganate solution. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 3.4 (by itself), 
6.6 (when used as XX-PH2) 
Effectiveness (as incapacitating agent): 7.9 
Effectiveness (as incapacitating agent as XX- 
PH2): 9.9 


Field Stability: 4.9 in moist environments 
(when by itself); 9.5 in dry environments 
(when by itself) 

Field Stability as XX-PH2): 6.7 in moist 
environments; 9.8 in dry environments 


Persistence (open area): 7 
Persistence (open area as XX-PH2): 8.9 


Storage stability: 10 (when kept dry by itself) 
9.5 (when stored as XX-PH2) 


Persistence (enclosed area): 9.1 
Persistence (enclosed area as XX-PH2): 9.6 


Aqucous solutions are only stable for short periods of time, and then gives way to hydrolyses. 


Toxicity (as nerve agent): 3 (ingestion), 5.5 
(inhalation) 4 (eye absorption) 
Toxicity (as XX-PH2): 8.8 


WARNING! 
@e 
WARNING! 
POTENT EYE 
ABSORPTION 


PREPARATION I: 
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CH3 0 
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-F—P—cl > ~ > H3C | 
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ice bath 
cl stir dipropan-2-yl phosphorofluoridate 


phosphorly dichlorofluoride 


Tnto an a apparatus as known in the prior art (except replace the cold water bath with an ice bath), place a ether 
solution pre-prepared by adding and dissolving 176 grams of phosphoryl] dichlorofluoride into 750 milliliters of 
dry fresh diethyl ether, and then pour this ether solution into the addition funnel as illustrated. Thereafter, prepare 
a solution by adding 155 grams pure isopropyl alcohol (prepared by treating with metallic sodium followed by 
distillation) into 500 milliliters of dry fresh diethyl ether, and then pour this ether solution into the reaction flask 
as illustrated. Then pour in 239 grams of pyridine, and then turn on the motorized stirrer to high speed, and then 
slowly add in the phosphoryl dichlorofluoride/ether mixture from the addition funnel into the isopropyl 
alcohol/ether reaction mixture over a period of about 40 minutes while maintaining the temperature of the reaction 
mixture below 10 Celsius at all times. Note: during the addition of the phosphoryl dichlorofluoride, a vigorous 
reaction will take place, so use caution, and monitor the temperature of the reaction mixture. After all the 
phosphoryl dichlorofluoride/ether mixture has been added, continue to stir the reaction mixture at a temperature 
below 10 Celsius for 2 hours. After about 2 hours, remove the water bath, turn off the motorized stirrer, and then 
disassemble the apparatus. Thereafter, filter-off the insoluble by-product of pyridine hydrochloride, using a 
Buchner funnel under moderate suction, wash with two 250-milliter portions of fresh diethyl ether, and 
thereafter, dry this filtered ether reaction mixture by adding to it, 50 grams of anhydrous sodium sulfate, stir for 
30 minutes, and then filter-off the sulfate using a clean Buchner funnel under rapid suction. Thereafter, place this 
filtered dried ether mixture into a rotary evaporator, and evaporate-off the ether at 30 Celsius under moderate 
vacuum until no more ether passes over or is collected. Once this point is achieved, turn off the rotary evaporator, 
equalize the pressure, and then recover the left over remaining residue from the rotary evaporator, and place this 
residue into a clean standard vacuum distillation apparatus, and vacuum distill this residue at 85 Celsius under a 
vacuum of 25mm of mercury until no more desired product of Di-isopropyl fluorophosphonate is obtained, The 
yield is about 90% of the theoretical. The collected Di-isopropyl fluorophosphonate should then be stored in a clean 
glass jar, sealed airtight, and stored in a cool dry place until use. 


5, VL-90; Nisulfram; S-[1-(dimethylamino)propan-2-yl] O-propan-2-yl 
ethylphosphonothioate 


“yt 
an 
H3C ce) 
3 id 
CH3 
Molecular Formula = CjpH24NO2PS Formula Weight = 253.341822 
Composition = C(47.41%) H(9.55%) Molar Refractivity = 68.63 + 0.3 
N(5.53%) O(12.63%) P(12.23%) cm 
S(12.66%) 
Molar Volume = 246.0 + 3.0 cm” Parachor = 592.8 + 4.0 cm* 
Index of Refraction = 1.469 + 0.02 Surface Tension = 33.6 + 3.0 
dyne/em 
Density = 1.029 + 0.06 g/cm* Polarizability = 27.20 + 0.5 10cm? 
Monoisotopic Mass = 253.126535 Da Nominal Mass = 253 Da 
Average Mass = 253.3418 Da M+ = 253.125986 Da 
M- = 253.127084 Da [M+H]+ = 254.133811 Da 
[M+H]- = 254.134909 Da [M-H]+ = 252.118161 Da 
[M-H]- = 252.119259 Da Smiles: 
CN(C)CC(C)SP(=O )(OC(C)C)CC 
InChI = 18/C10H24NO2PS/c1 -7- 
14(12,13-9(2)3)15-10(4)8-11(5)6/h9- 
10H,7-8H2,1-6H3 


Nisulfram is a highly toxic V agent, which forms a colorless, odorless oily liquid, with a boiling point 169 Celsius 
at 12mm of mercury. Impure Nisulfram may have a slight brownish tint, with a mild fishy odor. The oily liquid can 
also be distilled at 143 Celsius at 6mm of mercury. The agent is insoluble in water, but readily soluble in most 
organic solvents. When impure, it has a slight odor of rotten fish, and a thiosulfur like odor (reminiscent to a dilute 
odor of leaking natural gas). Pure Nisulfram is odorless, and gives absolutely no sign of its presence. Nisulfram has 
a melting point of —23 Celsius. The solubility of Nisulfram in water is 1 gram in 28 grams of water (3.44% solution 
by weight). Nisulfram is very soluble in many organic solvents, fats, and lipids. The stability of Nisulfram in water 
is absolutely remarkable. It can persist in water solution for up to 50 days under normal conditions. Droplets of 
Nisulfram onto water can persist for up to 190 days. Nisulfram shows only very-very slight volatility under normal 
conditions, and evaporates about 1680 times slower then sarin. As with other agents, it is decomposed by bleaching 
powder, potassium permanganate, and hot strong alkalis. Although, as with other V agents like VX, solutions of 
alkalis decompose VX at much slower rates then the other nerve agents. The half-life of Nisulfram in contact with 
water is 23 hours at 170 Celsius. It can remain in almost any environment for up to 2 to 3 months without 
appreciable decomposition. The stability of Nisulfram in dry and cool environments can be even greater; up to 4 
months, Contaminated environments containing Nisulfram can make uninhabitable by humans and animals for very 
long periods of time, ranging from 2 months to 6 months. Battlefield use of Nisulfram can be delivered by many 
common munitions such as mortar shells, artillery shells, aerial bombs, rockets, grenades, land mines, missiles, and 
common dissemination systems carried by aircraft, and ground vehicles such as smoke and fog producing devices. 
Like most V agents Nisulfram's environmental stability makes it very useful in tactical warfare operations. 
Environments contaminated with Nisulfram can cause causalities to unprotected personnel for up to 200 days. Like 
most V agents, the most common means of human contamination from Nisulfram is through skin contact and 
absorption, or eye absorption. In many cases, like most V agents, people exposed to Nisulfram by skin contact will 
have no signs of contamination until its too late. Nisulfram is a rapid acting casualty producing nerve agent capable 
of producing casualties within minutes of dissemination or exposure by personnel. The lethal dose of Nisulfram in 
man is unknown, but may be as low as 0.016 milligrams per kilogram. Personnel exposed to non-lethal amounts of 
the agent may still become incapacitated within minutes of exposure, and will become unable to perform their 
normal duties as soldiers. Those personnel exposed to lethal doses will be dead within 15 minutes to | hour. 
Inhalation of Nisulfram with as low as 0.02 mg may cause death within 15 minutes. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9.7 Field Stability: 9.1 in moist environments; 9.9 
in dry environments 
Persistence (open area): 9.2 | Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 9.4 (ingestion), 10 
(inhalation) 9.3 (eye absorption), 9.6 (skin 


absorption) 
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S-[1-(dimethylamino)propan-2-yl] O-propan-2-yl ethylphosphonothioate 


Step 1: Preparation of propan-2-yl ethylphosphonochloridate 


Into an apparatus as known in the prior art, and equipped with an ice/salt bath instead of a cold water bath, pour in 
57 grams of pure isopropyl alcohol (pre-prepared by treating with metallic sodium followed by distillation), 
followed by 75 grams of pyridine, and then followed by 500 milliliters of fresh diethyl ether. Then into the 
addition funnel, pour in a solution prepared by adding and dissolving 140 grams of ethyl phosphoryIchloride into 
500 milliliters of fresh dry diethyl ether. Thereafter, allow the isopropyl alcohol/ether/pyridine reaction mixture 
to chill to—10 Celsius. Once it has, turn on the motorized stirrer to high speed, and blend the reaction mixture 
ingredients for 10 minutes prior to adding in the ethyl phosphorylchloride/ether mixture in the addition funnel. 
After about 10 minutes of blending, begin to slowly add in, the ethyl phosphorylchloride/ether mixture from the 
addition funnel into the reaction mixture while maintaining the reaction mixtures temperature below —5 Celsius at 
all times, under rapid stirring. Note: the addition of the ethyl phosphorylchloride should take no more then 1 hour. 
Once all the ethyl phosphorylchloride/ether mixture from the addition funnel has been added, continue to rapidly 
stir the reaction mixture at a temperature around —10 to —5 Celsius for | hour. After | hour, remove the ice/salt 
bath, and allow the reaction mixture to warm to room temperature. Once it has, turn off the motorized stirrer, and 
then disassemble the apparatus, and then filter-off the insoluble by-product of pyridine hydrochloride (note: this 
pyridine hydrochloride can be recycled by treating with alkali hydroxide or carbonate, followed by distillation), 
using a clean Buchner funnel under moderate suction, wash with two 150-milliliter portions of fresh dry diethyl 


ether, and then collect the filtered reaction mixture and pour into a clean beaker. Then, add in 50 grams of 
anhydrous sodium sulfate, stir for 10 minutes (to absorb any moisture), and then filter-off the sodium sulfate 
using a clean Buchner funnel under rapid suction, and then collect the filtered dried reaction mixture and pour it 
into a rotary evaporator, and evaporate-off the ether at 35 Celsius under moderate vacuum until no more ether 
passes over or is collected. Once no more ether passes over or is collected, turn off the rotary evaporator, and then 
collect the oily left over residue, which will be the desired product of propan-2-yl ethylphosphonochloridate, and 
then store this collected product in a glass jar sealed air-tight and store in a desiccator over anhydrous sodium 
carbonate until use for step 2. 


Step 2: Preparation of Nisulfram 


First, into a clean beaker equipped with motorized stirrer, pour in 300 milliliters of dry benzene, and then add in 
all at once, 18 grams of clean fresh metallic sodium, and then turn on the motorized stirrer, and blend this mixture 
on moderate speed for 30 minutes to form a uniform suspension. After 30 minutes, quickly transfer this suspension 
mixture into a standard reflux apparatus, equipped with addition funnel, motorized stirrer, thermometer, and bulb 
reflux condenser. Thereafter, turn on the heating mantle, turn on the motorized stirrer, and then bring the 
temperature of this benzene/sodium mixture to reflux at 80 Celsius. Now, before the mixture reaches reflux (around 
60 Celsius), add to the addition funnel, a solution of 113 grams of 1-(dimethylamino)propane-2-thiol in 500 
milliliters of dry benzene, and then quickly add this reagent/benzene to the benzene/sodium suspension within a 
few minutes, and then close the stopcock to the addition funnel, and allow this now new reaction mixture to reflux 
at 80 Celsius for about 4 hours under rapid stirring. After 4 hours, reduce the temperature of the reaction mixture to 
30 Celsius while continuing to rapidly stir the reaction mixture. Once the reflux has stopped, and the temperature of 
the reaction mixture has cooled to around 30 to 25 Celsius, add in, all at once, 75 grams of pyridine (through the 
top of the bulb reflux condenser), stir for 15 minutes, and immediately thereafter, slowly add in, in small portions at 
a time (through the top of the bulb reflux condenser) the propan-2-yl ethylphosphonochloridate (obtained in step 1), 
and then continue to heat the reaction mixture at 30 Celsius under rapid stirring for 2 hours. After 2 hours, turn off 
the heating mantle, and allow the reaction mixture to cool to room temperature. Once it has, turn off the motorized 
stirrer, and then disassemble the apparatus, and then filter-off the insoluble by-products (mostly pyridine 
hydrochloride, and some residue), using a Buchner funnel, under moderate suction, and then collect the filtered 
reaction mixture, and pour it into a rotary evaporator, and evaporate-off the benzene at 60 Celsius under high 
vacuum until no more benzene passes over or is collected. Once no more benzene is collected, turn off the rotary 
evaporator, and collect the left over oily residue, and then pour this left over oily residue into a beaker filled with 
1500 milliliters of ice water, and then stir mechanically for 30 minutes. After 30 minutes decant-off the upper 
water layer, and then dry the lower product layer by adding to it 150 grams of anhydrous sodium carbonate, stir 
for 45 minutes (to absorb moisture), and then filter off the sodium carbonate using a clean Buchner funnel under 
rapid suction, and then collect the filtered dried product layer, and pour it into a vacuum distillation apparatus, and 
vacuum distill at 169 Celsius at 12mm of Hg until no more desired product passes over or is collected. Once no 
more desired product of Nisulfram passes over or is collected, stop the vacuum distillation process, equalize the 
pressure in the usual manner, and then collect the desired product and store in a clean glass container in a cool dry 
place until use. 


6. Fonafosmon; GN-12; 2-(methylsulfanyl)ethy! diethylphosphoramidofluoridate 


oO==P—O 
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ga cae la Cha 
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Molecular Formula = C;H\;FNO,PS 


Formula Weight = 229.252545 


Composition = C(36.67%) H(7.47%) 
F(8.29%) N(6.11%) O(13.96%) 
P(13.51%) S(13.99%) 


9 2 
Molar Refractivity = 54.98 + 0.3 
cn 


tas 


Molar Volume = 201.2 + 3.0 cm> 


Parachor = 488.2 + 4.0 cm> 


Index of Refraction = 1.458 + 0.02 


Surface Tension = 34.6 + 3.0 
dyne/em 


Density = 1.139 + 0.06 g/cm* 


Polarizability = 21.79 + 0.5 10cm 


Monoisotopic Mass = 229.070163 Da 
Average Mass = 229.2525 Da 


Nominal Mass = 229 Da 
M+ = 229.069614 Da 


M- = 229.070712 Da 


[M+H]+ = 230.077439 Da 


[M+H]- = 230.078537 Da 


[M-H]+ = 228.061789 Da 


[M-H]- = 228.062887 Da 


Smiles: O=P(F)(OCCSC)N(CC)CC 


InChI = 1S/C7H17FNO2PS/c1-4-9(5- 
2)12(8,10)11-6-7-13-3/h4-7H2, 1-3H3 


Fonafosmon forms an oily colorless to slightly reddish-yellow liquid with a slight fishy-sulfur like odor. Pure 
Konafosmon is a colorless odorless liquid. The boiling point ranges from 157 to 164 Celsius at 53mm of mercury, 
and 247 to 261 Celsius at 150mm of mercury. The melting point of the compound is around -34 Celsius. The liquid 
is insoluble in water, and hydrolyzed by it, but soluble in ether, methylene chloride, carbon disulfide, hexane, and 
benzene. Fonafosmon is a highly toxic cholinesterase inhibitor, with a high potential for battlefield use. The only 
drawback is that it is readily hydrolyzed by water, and hence cannot be used in wet environments with much 
success; however, in dry climates, it can persist in the environment for up to 167 days (half life in dry 
environments: 46 days). Nonetheless, impure Fonafosmon has a slight fishy-sulfur odor, and hence gives warning 
of its presence. Fonafosmon is a double nerve agent and is classified as a GN nerve agent because it has G agent, 
and N agent properties. The most common means of human contamination from Fonafosmon is through skin 
contact and absorption, or eye absorption because of its very low rate of evaporation and lack of volatility; 
however, in hot climates its volatility is only 9%, and through inhalation it is very toxic with a lethal dose in man as 
low as 0.09mg per/Kg. In many cases, like many non-volatile heavy oily liquid nerve agents, people exposed to 
Fonafosmon by skin contact will have no signs of contamination until its too late. Fonafosmon is a rapid acting 
casualty producing nerve agent capable of producing casualties within minutes of dissemination or exposure by 
personnel. The lethal dose of Fonafosmon in man by skin contact or absorption is unknown, but may be as low as 
0.15mg per/Kg. Personnel exposed to non-lethal amounts of the agent may still become incapacitated within 
minutes of exposure, and will become unable to perform their normal duties as soldiers. ‘Those personnel exposed 
to lethal doses will be dead within 20 minutes to 70 minutes. Note: exposure to Fonafosmon by skin contact or 
absorption or eye absorption can be treated with common nerve agent antidotes if the antidotes are given within 15 
minutes. Inhalation of Fonafosmon can be treated with nerve agent antidotes if the antidote is used within 7 minutes 
of exposure. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8 Field Stability: 4.2 in moist environments; 8.9 
in dry environments 
Persistence (open area): 8.2 Storage stability: 9.9 (when kept dry) 
Persistence (enclosed area): 9.1 Toxicity (as nerve agent): 8.4 (ingestion), 9.5 
(inhalation) 7.4 (eye absorption), 7 (skin 
absorption) 
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2-(methylsulfanyl)ethy! diethylphosphoramidofluoridate 


Into an apparatus as shown in the prior art, pour into the addition funnel a solution prepared by dissolving 211 
grams of phosphoryl! dichlorofluoride into 500 milliliters of dry fresh diethyl ether. Then pour into the reaction 
flask, 113 grams of diethylamine, followed by 142 grams of 2-(methylsulfanylethanol, followed by 243 grams 
of pyridine, and then followed by 750 milliliters of fresh dry diethyl ether. Thereafter, by means of an ice bath, 
chill the ingredients in the reaction flask to 0 Celsius. Once the ingredients in the reaction flask reach 0 Celsius, 
turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, the 
phosphoryl dichlorofluoride/ether mixture in the addition funnel into the reaction mixture while rapidly blending 

the reaction mixture and maintaining its temperature around 0 Celsius at all times. Once all the phosphoryl 
dichlorofluoride has been added from the addition funnel, continue to stir the reaction mixture at a temperature 
around 0 Celsius for 2 hours. After 2 hours, remove the ice bath and allow the reaction mixture to warm to room 
temperature. Note: continue to rapidly blend the reaction mixture during the warming period. Once the reaction 
mixture has warmed to room temperature, disassemble the apparatus, and then filter-off the insoluble by-product of 
pyridine hydrochloride using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of 


fresh dry diethyl ether, and then pour the filtered reaction mixture into a clean beaker equipped with motorized 
stirrer, add in 50 grams of anhydrous sodium carbonate, blend for 45 minutes, then filter-off the sodium 
carbonate using a clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a 
rotary evaporator, and evaporate-off the ether at 35 Celsius under mild vacuum until no more ether passes over or is 
collected. When no more ether passes over or is collected, turn off the rotary evaporator, equalize the pressure, and 
then recover the left over oily residue that remains behind, and then place this left over oily residue into a standard 
vacuum distillation apparatus, and vacuum distill the oily residue at 157 Celsius under a vacuum of 53mm of 
mercury until no more desired product is collected or passes over. Once no more desired product is recovered, stop 
the distillation process, equalize the pressure, and then recover the oily liquid product of Fonafosmon, and store it 
in a glass container in a cool dry place until use. 


7, Xansten; N: -[(ethylsulfanyl)(nitrilo)-A°-phospha nyl]-1-fluoro-N- 
methylmethanamine 


Molecular Formula = C4HjoFN2PS 


Formula Weight = 168.1727652 


Composition = C(28.57%) H(5.99%) 
F(1 1.30%) N(16.66%) P(18.42%) 
SC19.07%) 


Molar Refractivity = 67.08 + 0.04 
em? 


Molar Volume = 175.39.92 + 3.0 cm" 


Parachor = 309.109 + 4.0 cm’ 


Index of Refraction = 1.008 + 0.02 


Surface Tension = 29.9.049 + 3.0 


dyne/em 
Density = 1.208 + 0.09 g/cm” Polarizability = 19.771 + 0.91 10° 
243 
cm 


Nominal Mass = 168 Da 
M+ = 168.028084 Da 
[M+H]+ = 169.035909 Da 
[M-H]+ = 167.020259 Da 
Smiles: CN(CF)P(#N)SCC 


Monoisolopic Mass = 168.028633 Da 
Average Mass = 168.1728 Da 
M- = 168.029181 Da 
[M+H]- = 169.037006 Da 
[M-H]- = 167.021356 Da 
InChl = 18/C4H10FN2PS/c1-3-9- 
8(6)7(2)4-5/h3-4 H2, 1-2H3 


Xansten forms an oily yellowish water white liquid with a boiling point of 147 Celsius at 157mm of Hg, or 81 
Celsius at 52mm of Hg. It has a melting point of -81 Celsius, and hence can be used in very cold enviornments 
with very good stability and results. Xansten, when impure may have a slight garlic-metallic odor, hence giving rise 
to its presence. Xansten is a X agent, and is not currently manufactured by any known country or group (according 
to current intelligence as of the date this procedure was written, 2012). Xansten is a very interesting X nerve agent 
that has great potential as a fast acting casualty producing agent. It can be mixed the nitrogen mustards, or 
phosgene oxime for use in multiple operations for contaminating areas of the battle field, to divert troops, or to 
attack enemy forces by surprise. Xansten is highly toxic through inhalation, but has little effect when ingested or 
upon skin ingestion as it is only very slowly absorbed by the skin, and when ingested it often gives the victim 
nausea and vomiting which usually quickly follows. Nevertheless, the X agent is highly and rapidly absorbed into 
the blood stream through inhalation and eye absorption leading to potentially deadly results depending on dose 
absorbed. Xansten is very stable, and does not react with water, even when boiled, hence it can linger in the 
environment for up to 3 to 4 months. The compound is moderately soluble in DMF (dimethylformamide), and 
slightly soluble in ether, hexane, and methylene chloride. The estimated LDso in humans may be as low as 0.01mg 


per/Kg, but is probably higher. One attribute that xansten has is that even when inhaled in non-lethal doses, it may 
produce "Gulf War Syndrome", meaning it may cause permanent damage and multiple illnesses up to years after 
exposure. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7.6 Field Stability: 9.8 in moist environments; 10 
in dry environments 
Persistence (open area): 9.9 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 4.9 (ingestion), 9 
(inhalation) 7.9 (eye absorption), 4.8 (skin 
absorption) 
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Into an apparatus as known in the prior art, pour into the first addition funnel 112 grams of pre-chilled ethyl thiol, 
and then into the second addition funnel. pour in 114 grams of 1-fluoro-N-methylmethanamine. Then pour into 
the reaction flask, 285 grams of pyridine, and then followed by 750 milliliters of fresh dry DMF 
(dimethylformamide). Thereafter, by means of the dry ice/acetone bath (30% dry ice/70% acetone), chill the 
ingredients in the reaction flask to -10 Celsius. Once the ingredients in the reaction flask reach —10 Celsius, turn on 
the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the pre- 
chilled ethyl thiol, and the 1-fluoro-N-methylmethanamine from the addition funnels, to the reaction mixture, while 
rapidly blending the reaction mixture and maintaining its temperature around —10 Celsius at all times. Once all the 
ethyl thiol and 1-fluoro-N-methylmethanamine have been added from the addition funnels, continue to stir the 
reaction mixture at a temperature around —10 to 5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone 
bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction 
mixture during the warming period. Once the reaction mixture has warmed to room temperature, disassemble the 
apparatus, and then filter-off the insoluble by-product of pyridine hydrochloride using a Buchner funnel under 


moderate suction, wash with two 250-milliliter portions of fresh DMF, and then pour the filtered reaction mixture 
into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend for 45 
minutes, then filter-off the sodium sulfate using a clean Buchner funnel under strong suction. Now, pour this 

filtered dried reaction mixture into a rotary evaporator, and evaporate-off the impurity liquids at 120 Celsius under 
500mm of mercury until no more liquid residue is collected. Once this point is achieved, take the remaining left 
over reaction mixture (now free from impurities), and place into a clean rotary evaporator, and evaporate-off the 
desired product of xansten at 147 Celsius under 157mm of mercury until no more yellowish oil is collected. Once 
no more desired yellowish oily product is collected, turn off the rotary evaporator, equalize the pressure, and then 
recover the left over oily product residue that remains in the collecting receiver flask of the rotary evaporator, and 
store it in a glass container in a cool dry place until use. Note: the left over solvent of DMF will remain in the rotary 
evaporator as it is a high boiling solvent with a boiling point 153 Celsius at 760mm Hg, and can be recycled for 
another run of xansten production. 
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8. Valfuluren; S-ethyl dimethylphosphoramidofluoridothioate 
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Molecular Formula = C,H;,FNOPS Formula Weight = 171.1734052 
Composition = C(28.07%) H(6.48%) Molar Refractivity = 39.33 + 0.3 
F(11.10%) N(8.18%) O(9.35%) cm? 
P(18.09%) S(18.73 %) 
Molar Volume = 145.3 + 3.0 cm> Parachor = 349.2 + 4.0 cm? 
Index of Refraction = 1.453 + 0.02 Surface Tension = 33.3 + 3.0 
dyne/em 
Density = 1.177 + 0.06 g/cm) Polarizability = 15.59 + 0.5 10cm’ | 
Monoisotopic Mass = 171.028298 Da | Nominal Mass = 171 Da 
Average Mass = 171.1734 Da | M+ = 171.02775 Da 
M- = 171.028847 Da [M+H]+ = 172.035575 Da 
[M+H]- = 172.036672 Da [M-H]+ = 170.019925 Da 
[M-H]- = 170.021022 Da Smiles: CN(C)P(F)(=O)SCC 
InChI = 18/C4H11FNOPS/c1-4-9- 
8(5,7)6(2)3/h4H2,1-3H3 


Valfuluren forms a colorless to slightly amber colored oily liquid with a boiling point of 209 Celsius at 400mm of 
Hg, or a boiling point of 131 Celsius of 97mm of Hg. The liquid has a melting point of —21 Celsius. It is insoluble 
in water, with hydrolyses beginning within 5 minutes (when first added to water it sinks to the bottom, and then 
hydrolyses slowly begins with increasing reaction temperature). Valfuluren can be used in moist environments but 
with a half-life of 86 minutes at nominal temperature; hence should not be used in wet rainy environments. The 
liquid is soluble in DMF, ether, methylene chloride, and hexane. Valfuluren is a highly toxic cholinesterase 
inhibitor with effects similar to VX and Sarin. The compound is a NV agent that has not been thoroughly 
investigated, but it's toxicity can be estimated by its structure; hence its LDso through inhalation may be as low as 
0.0098mg per/Kg. Lethal dose in man through inhalation may be as low as 0.02mg. In moist environments (non- 
raining environments), Valfuluren will often form tiny oily droplets that will cling to leaves, branches, grass, ect., 
and can linger in said places for up to several days to weeks depending on environmental conditions (rainy 
enviornments will destroy Valfuluren within a short period of time). In dry environments, Valfuluren can persist in 
the environment for up to 30 to 40 days, maybe even longer. Valfuluren is a fast acting casualty producing agent, 
which can cause casualties within minutes of exposure (lung absorption or eye absorption); however, the liquid is 
not readily absorbed by the skin, and through ingestion, vomiting usually occurs within a short period. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9.2 Field Stability: 4 in moist environments; 8.9 
in dry environments 
Persistence (open area): 5.5 Storage stability: 9.8 (when kept dry) 
Persistence (enclosed area): 8.5 Toxicity (as nerve agent): 5.6 (ingestion), 9 
(inhalation) 8.1 (eye absorption), 4 (skin 
absorption) 
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S-ethyl dimethylphosphoramidofluoridothioate 


Into an apparatus as known in the prior art, pour into the first addition funnel 142 grams of pre-chilled ethyl thiol, 
and then into the second addition funnel, pour in a solution prepared by adding and dissolving 103 grams of 
dimethylamine into 500 milliliters of dry diethyl ether. Then pour into the reaction flask, 312 grams of 
phosphoryl! dichlorofluoride, followed by 361 grams of pyridine, and then followed by 500 milliliters of fresh 
dry diethyl ether. Thereafter, by means of the dry ice/acetone bath (30% dry ice/70% acetone), chill the 
ingredients in the reaction flask to —-10 Celsius. Once the ingredients in the reaction flask reach —-10 Celsius, turn on 
the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the pre- 
chilled ethyl thiol, and the dimethylamine/ether solution from the addition funnels, to the reaction mixture, while 
rapidly blending the reaction mixture and maintaining its temperature around —10 Celsius at all times. Once all the 
ethyl thiol and dimethylamine/ether solution have been added from the addition funnels, continue to stir the 

reaction mixture at a temperature around —10 to 5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone 
bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction 
mixture during the warming period. Once the reaction mixture has warmed to room temperature, disassemble the 
apparatus, and then filter-off the insoluble by-product of pyridine hydrochloride using a Buchner funnel under 


moderate suction, wash with two 250-milliliter portions of fresh diethyl ether, and then pour the filtered reaction 
mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend 
for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using a clean Buchner funnel under 
strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether at 
40 Celsius under mild vacuum until no more ether is collected. Once this point is achieved, take the remaining left 
over reaction mixture (now free from ether), and place into a clean vacuum distillation apparatus, and vacuum 
distill at 209 Celsius at 400mm of mercury until no more oily liquid product is collected. Once no more desired oily 
product is collected, turn off the vacuum, equalize the pressure, and then recover the oily liquid desired product 
from the receiver flask, and store it in a glass container in a cool dry place until use. 


9. Zenofunstoff; N-[(dimethylamino)methyl]-N-[(methylsulfany])methyl]-P-propan-2- 


ylphosphonamidic cyanide 
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Molecular Formula = CoH20N30PS Formula Weight = 249.313362 
Composition = C(43.36%) H(8.09%) Molar Refractivity = 65.93 + 0.3 
N(16.85%) 0(6.42%) P(12.42%) cm 
S(12.86%) 
Molar Volume = 223.4 + 3.0 cm® 
Index of Refraction = 1.501 + 0.02 
| dyne/cm 
Density = 1.115 +0.06 g/em> _| Polarizability = 26.13 + 0.5 10cm? 
Monoisotopic Mass = 249.106468 Da Nominal Mass = 249 Da 
Average Mass = 249.3134 Da | M+ = 249.10592 Da 
M- = 249.107017 Da [M+H]+ = 250.113745 Da 
[M+H]- = 250.114842 Da [M-H]+ = 248.098095 Da 
[M-H]- = 248.099192 Da Smiles: 


CN(C)CN(CSC)P(=O)(CANIC(C)C 


InChI = 1S/C9H20N30PS/c1- 
9(2)14(13,6-10)12(8-15-5)7- 
11(3)4/n9H,7-8H2,1-5H3 


Zenofunstoff forms a amber colored oily non-volatile liquid that is odorless when pure and fee of sulfur impurities. 
It has a boiling point of 279 Celsius at 291mm of mercury, and 133 Celsius at 19mm of mercury, with a melting 
point of 7 Celsius; hence it cannot be used in cold weather environments as it will freeze to a brown solid rendering 
it useless; nevertheless, Zenofunstoff has remarkable potential for use in any type of weather as long as the 
temperature of the environment is above 7 Celsius. The liquid can remain in wet environments even under heavy 
rain for up to 60 days without any major hydrolyses or breakdown. In dry climates, Zenofunstoff can persist for up 
to 6 months or more completely contaminating huge areas with little breakdown or decomposition. The compound 
is a Tabun-N agent which is a highly toxic cholinesterase inhibitor that when inhaled or absorbed through the eye 
the contaminated person has only minutes before death; hence Zenofunstoff is an extremely effective high capacity 
fast acting casualty producing agent capable of producing casualties within minutes of exposure. Persons exposed 


to even non-lethal amounts will become incapacitated with vomiting, nausea, severe headaches, tremors, blurred 
vision, and similar symptoms. The LDsp through inhalation may be as low as 0.00Smg per/Kg, and the lethal dose 
for man may be as low as 0.019mg. Zenofunstoff is not readily absorbed through the skin, but if admixed with 
DMSO or diethyl sulfate it becomes extremely dangerous to skin contact (rapid absorption toxicity: 8.9). 
Zenofunstoff is very stable and does not react with water, even if boiled, however, if boiled in the presence of 
strong alkalis, the cyanide group of the molecule breaks off and the desired Zenofunstoff loses 70% of it toxicity 
potential. Treatment with strong oxidizers when hot completely destroys the toxicity of Zenofunstoff. The oily 
liquid is insoluble in water, but soluble in THF (tetrahydrofuran), DMF, with moderate solubility in methylene 
chloride, and hexane. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9 Field Stability: 9 in moist environments; 10 in 
dry environments 
Persistence (open area): 9.2 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 7.9 (ingestion), 9.3 
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N-[(dimethylamino)methyl]-N-[(methylsulfanyl)methyl]- 
P-propan-2-ylphosphonamidic cyanide 


Step 1: preparation of propan-2-ylphosphonic dichloride (Isopropyl phosphoryl dichloride) 


Into a 3-neck flask, equipped with motorized stirrer, addition funnel, thermometer, and cold-water bath, place 191 
grams of dry pure phosphorus trichloride, followed by 185 grams of anhydrous aluminum chloride. 
Thereafter, turn on the motorized stirrer to high speed, and then into the addition funnel (equipped with cooling 
jacket), place 109 grams of pre-chilled isopropyl chloride. Now, begin to drip into the reaction mixture the 
isopropyl chloride over a period of 45 minutes while stirring the reaction mixture and maintaining its temperature 
around room temperature. Once all the isopropyl chloride has been added, continue to stir the reaction mixture, 
which will contain an isopropyl/phosphorus tetrachloride trichloroaluminate complex at room temperature for 
about | hour. After | hour, replace the addition funnel that previously contained the isopropyl chloride, and replace 
it with a clean standard addition funnel, and then place 23 grams of distilled water into this addition funnel, and 
then place the 3-neck reaction flask into a dry ice/acetone bath composed of 30 parts dry ice and 70 parts 
acetone, and then allow the isopropyl/phosphorus tetrachloride trichloroaluminate complex reaction mixture to 
chill to -20 Celsius. Once it has, begin to slowly drip in the distilled water over a period of 2 hours, while rapidly 
stirring the reaction mixture complex and maintaining its temperature at —20 to —5 Celsius at all times. Once all the 
distilled water has been added, remove the dry ice/acetone bath, and allow the reaction mixture to warm to room 
temperature. Note: during the warming process, continue to rapidly stir the reaction mixture. Once the reaction 
mixture has warmed to room temperature, disassemble the apparatus, pour the entire reaction mixture into a large 
beaker, and then add 750 milliliters of dry fresh diethyl ether, stir for 15 minutes using a motorized stirrer, and 
then add in 200 grams of pyridine, and then continue to stir for 30 minutes at room temperature. Thereafter, filter- 
off the insoluble by-product of pyridine hydrochloride using a large clean Buchner funnel under suction, and then 
wash with two 250-milliliter portions of fresh diethyl ether, and then suction dry as best as possible. Then, pour 
the filtered reaction mixture into a rotary evaporator, and evaporate-off the ether at 40 Celsius under mild vacuum 
until no more ether passes over or is collected. When no more ether passes over or is collected, turn off the rotary 
evaporator, and then collect the left over reaction mixture residue left behind, and then place this left over reaction 
mixture residue into a beaker, equipped with motorized stirrer, and then add in 1000 milliliters of DMF, and then 
stir for | hour at room temperature. Thereafter, filter this new mixture using a clean dry Buchner funnel under 
moderate suction, wash with two 250-milliliter portions of DMF, and then suction dry as best as possible. Now, 
pour the filtered mixture into a clean large beaker, and then add in 750 milliliters of dry benzene, and then stir 
using a motorized stirrer for 30 minutes to dissolve the aluminum chloride. Now, at this point, a two-phase mixture 
will result with the benzene/aluminum chloride mixture taking up the top layer. Thereafter, decant-off the upper 
benzene/aluminum chloride mixture layer, and then take the lower DMF mixture layer containing the desired 
product of propan-2-ylphosphonic dichloride, and then place it into a vacuum distillation apparatus, and vacuum 
distill-off the DMF at 156 Celsius at 240mm of mercury until no more DMF is collected or passes over. When this 
point is achieved, equalize the pressure, and stop the vacuum distillation process. Finally, collect the left over crude 
residue of propan-2-ylphosphonic dichloride from the vacuum distillation apparatus once it has cooled to room 
temperature, and then recrystallize the propan-2-ylphosphonic dichloride from 2500 milliliters of dry methylene 
chloride. After the recrystallization process, combine all desired collected propan-2-ylphosphonic dichloride, if not 
already done so, and then place this desired product into an oven, and bake at 45 Celsius for 1 hour or until 
completely dry. Thereafter, turn off the oven, and allow the desired product to cool before removing it from the 
oven. Thereafter, store the desired product in a glass jar sealed air-tight, and store in a desiccator over concentrated 
sulfuric acid until use for step 2. 


Step 2: preparation of Zenofunstoff 


Into an apparatus as illustrated in the following, pour into the addition funnel a solution prepared by dissolving 206 
grams of NV,N-dimethyl-N'-[(methylsulfanyl)methyl]methanediamine into 650 milliliters of dry fresh THF 
(tetrahydrofuran). Then pour into the reaction flask, 750 milliliters of dry fresh THF, followed by 130 grams of 
pyridine. Thereafter, by means of a dry ice/acetone bath (30% dry ice/70% acetone), chill the ingredients in the 
reaction flask to —20 Celsius. Once the ingredients in the reaction flask reach —20 Celsius, turn on the motorized 
stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, the N,N-dimethyl-N'- 
[(methylsulfanyl)methyl]methanediamine/THF mixture from the addition funnel, and at the same time, slowly add 
in through the top of the funnel as illustrated, 100 grams of powdered potassium cyanide, in 100mg doses. Note: 
the addition of the N,N-dimethyl-'-[(methylsulfanyl)methyl]methanediamine/THF mixture, and the potassium 
cyanide should be completed at the same time. As usual, during the addition of the N,V-dimethyl-N'- 
[(methylsulfanyl)methyl|methanediamine/THF mixture and the potassium cyanide, rapidly blend the reaction 
mixture and maintain its temperature around —20 to —S Celsius at all times. Once all the V,N-dimethyl-N'- 
[(methylsulfanyl)methyl]methanediamine/THF mixture from the addition funnel, and all the potassium cyanide has 


been added, continue to stir the reaction mixture at a temperature around —20 to 0 Celsius for 2 hours. After 2 
hours, remove the dry ice/acetone bath and allow the reaction mixture to warm to room temperature. Note: continue 
to rapidly blend the reaction mixture during the warming period. Once the reaction mixture has warmed to room 
temperature, disassemble the apparatus, and then filter-off the insoluble by-products of pyridine hydrochloride and 
potassium chloride using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of fresh 
dry THF, and then pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 
grams of anhydrous sodium carbonate, blend for 45 minutes, then filter-off the sodium carbonate using a clean 
Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and 
evaporate-off the THF at 66 Celsius under mild vacuum until no more THF passes over or is collected. When no 
more THF passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then recover the left 
over oily residue that remains behind, and then place this left over oily residue into a standard vacuum distillation 
apparatus, and vacuum distill the oily residue at 279 Celsius under a vacuum of 291mm of mercury until no more 
desired product is collected or passes over. Once no more desired product is recovered, stop the distillation process, 
equalize the pressure, and then recover the oily liquid product of Zenofunstoff, and store it in a glass container in a 
cool dry place until use. 
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10. Lisvonfox; LL-54; N,N'-bis[(dimethylamino)methyl]-N,N'- 
dimethylphosphorodiamidic fluoride 


ii 
HC N CH; 
/ CH; CH; 
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Molecular Formula = CgsH22FN4OP Formula Weight = 240.2586452 
Composition =C(39.99%) H(9.23%) Molar Refractivity = 61.03 + 0.3 
F(7.91%) N(23.32%) O(6.66%) cm 
P(12.89%) 
Molar Volume = 219.1 + 3.0 cm* Parachor = 534.7 + 4.0 cm* 
Index of Refraction = 1.468 + 0.02 Surface Tension = 35.4 + 3.0 
dyne/em 
Density = 1.096 + 0.06 g/cem* | Polarizability = 24.19 + 0.5 10cm? 
Monoisotopic Mass = 240.151526 Da Nominal Mass = 240 Da 
Average Mass = 240.2586 Da | M+ = 240.150977 Da 
M- = 240.152074 Da [M+H]+ = 241.158802 Da 
[M+H]- = 241.159899 Da [M-H]+ = 239.143152 Da 
[M-H]- = 239.144249 Da Smiles: 
CN(C)CN(C)P(=O)(FYN(C)CN(C)C 
InChI = 18/C8H22FN40P/c1-10(2)7- 
12(5)15(9,14)13(6)8-11(3)4/h7- 
8H2,1-6H3 


Lisvonfox forms a water-white oily liquid, which has an orange tint when impure. The oil has a boiling point of 
187 Celsius at 155mm of mercury, or 150 Celsius at 94mm of mercury, with a melting point of -23 Celsius, hence 
it can be used in cold weather climates. The impure compound has a fishy odor, and will obviously give rise to its 
presence; however, the pure oil is odorless. Lisvonfox is related to Dimefox, and it's made in a very similar manner, 
but Lisvonfox is more toxic, and more stable then Dimefox. Lisvonfox is soluble in water up to 40%, and aqueous 
solutions can last for up to 7 days before hydrolyses begins. hence, Lisvonfox can be used in moist environments, 
but only for short periods of time. The compound is soluble in ether, methylene chloride, DMF, and carbon 
disulfide, with moderate to little solubility in hexane. Lisvonfox when used in dry environments, it can persist for 
up to 4 weeks. The compound has an LDso through inhalation in mice of 0.019 mg per/Kg, but the lethal dose in 
man through inhalation may be as low as 0.98 mg. Exposure to non-lethal amounts of this agent still has potential 
for battlefield use as exposure to non-lethal amounts has an incapacitating effect upon the human body with 
symptoms of nausea and vomiting, stupor, headaches, difficulty breathing, and cold sweats. Lisvonfox is a 
moderate fast acting casualty producing nerve agent that is more likely to have more success when mixed with 
phosgene oxime. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7.2 Field Stability: 4 in moist environments; 9 in 
dry environments 
Persistence (open area): 5.9 Storage stability: 9.8 (when kept dry), should 


be used within 12 months of manufacture 
due to partial polymerization that will occur 
after prolonged storage 
Persistence (enclosed area): 9.1 Toxicity (as nerve agent): 8 (ingestion; 
however, victim would most likely vomit 
upon ingestion therefore little absorption to 
be fatal), 8.1 (inhalation) 7.2 (eye 
absorption), 3.9 (skin absorption) 


WARNING! 
POTENT EYE 
ABSORPTION 


The agent slowly begins to hydrolyze after about 7 days, and the agent is completely destroyed within 48 hours 
thereafter. 
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N.N-bis[(dimethylamino)methyl]-N,V- 

dimethylphosphorodiamidic fluoride 
Into an a apparatus as illustrated in the following place a ether solution pre-prepared by adding and dissolving 207 
grams of phosphoryl dichlorofluoride into 1000 milliliters of dry fresh diethyl ether, and then pour this ether 
solution into the addition funnel as illustrated. Thereafter, prepare a solution by adding 533 grams N,N,N'- 
trimethylmethanediamine into 1500 milliliters of dry fresh diethyl ether, and then pour this ether solution into 
the reaction flask as illustrated. Then, turn on the motorized stirrer to high speed, and then slowly add in the 
phosphoryl dichlorofluoride/ether mixture from the addition funnel into the V,N,N'-trimethylmethanediamine/ether 
reaction mixture over a period of about 45 minutes while maintaining the temperature of the reaction mixture below 
5 Celsius at all times, Note: during the addition of the phosphoryl dichlorofluoride, a vigorous reaction will take 
place, so use caution, and monitor the temperature of the reaction mixture. After all the phosphoryl 
dichlorofluoride/ether mixture has been added, continue to stir the reaction mixture at a temperature below 5 
Celsius for 2 hours. After about 2 hours, remove the ice/salt bath, turn off the motorized stirrer, and then 
disassemble the apparatus, and then filter-off the insoluble by-product of N,N.N'-trimethylmethanediamine 
hydrochloride, using a Buchner funnel under moderate suction, wash with two 250-milliter portions of fresh 
diethyl ether, and thereafter, dry this filtered ether reaction mixture by adding to it, 50 grams of anhydrous 
sodium sulfate, stir for 30 minutes, and then filter-off the sulfate using a clean Buchner funnel under rapid suction. 
Thereafter, place this filtered dried ether mixture into a rotary evaporator, and evaporate-off the ether at 30 Celsius 
under moderate vacuum until no more ether passes over or is collected. Once this point is achieved, turn off the 
rotary evaporator, equalize the pressure, and then recover the left over remaining oily residue from the rotary 
evaporator, and place this oily residue into a clean standard vacuum distillation apparatus, and vacuum distill this 
residue at 150 Celsius under a vacuum of 94mm of mercury until no more desired product of Lisvonfox is obtained. 
Once no more desired product is collected, stop the vacuum distillation process, equalize the pressure in the usual 
manner, then collect the desired product of Lisvonfox. The collected Lisvonfox should then be stored in a clean 
glass jar, sealed airtight, and stored in a cool dry place until use. 
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11. Thiozinofin; propyl methyl(propyl)phosphoramidodithiofluoridate 
CH 
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HC 
Molecular Formula = C;H,;;FNPS> Formula Weight = 229.3187452 
Composition =C(36.66%) H(7.47%) Molar Refractivity = 60.49 + 0.3 
F(8.28%) N(6.11%) P(13.51%) cm* 
8(27.97%) | _ 
Molar Volume = 202.7 + 3.0 cm? Parachor = 510.0 + 4.0 cm* 
Index of Refraction = 1.508 + 0.02 Surface Tension = 40.0 + 3.0 
dyne/em 
Density = 1.130 + 0.06 gem* Polarizability = 23.98 + 0.5 10™ cm’ 
Monoisotopic Mass = 229.052404 Da Nominal Mass = 229 Da 
Average Mass = 229.3187 Da M+ = 229.051855 Da 
M- = 229.052952 Da [M+H]+ = 230.05968 Da 
[M+H]- = 230.060777 Da [M-H]+ = 228.04403 Da 
[M-H]- = 228.045127 Da Smiles: FP(=S)(SCCC)N(C)CCC 
InChl = 1S/C7H17FNPS2/c1-4-6- 
9(3)10(8, 11)12-7-5-2/h4-7H2, 1-3H3 


Thiozinofin forms a syrupy light yellowish oily liquid with a boiling point of 201 Celsius at 401mm of mercury, or 
136 Celsius at 90mm of mercury, with a melting point of -13 Celsius. Because the melting point is -13 Celsius, it 
can be used in cold weather environments, but it will freeze to a transparent yellow solid below —13 Celsius (in 
some parts of the world environmental temperatures can reach below —13 Celsius, however, the agent can be 
disseminated before the cold weather hits, and the agent hence freezes, but upon the arrival of spring or increase in 
temperature the agent will become liquid once again and hence it can be used like a booby-trap agent to 
contaminate areas that have very cold winters, but then upon warming the agent becomes active again). Thiozinofin 
is moderately soluble in water, forming a clear light yellow liquid that can persist for up to 14 days, whereupon 
hydrolyses slowly begins, and the agent is completely destroyed after 18 days at nominal temperature. Thiozinofin 
can be used in wet and moist environments for up to 21 days before hydrolyses begins and the agent is completely 
neutralized after about 34 days (note: of coarse these same moist or wet environments may dry up, and hence the 
agent will persist for much longer time periods). In dry environments Thiozinofin can persist for up to 4 months. 
The LDso in rabbits through inhalation as been estimated to be around 0.052mg per/Kg, and the lethal dose in man 
through inhalation may be as low as 0.109mg. Thiozinofin as mentioned before, is moderately soluble in water, but 
is soluble and stable in methylene chloride, hexane, DMF, ether, THF, and carbon disulfide. Thiozinofin is a fast 
acting casualty producing agent that can produce casualties within 15 minutes of contamination, and even exposure 
to non-lethal doses can produce incapacitating effects with symptoms similar to sarin. One of the interesting aspects 
of this agent is that it is highly toxic through skin absorption, being even more toxic then through inhalation. This 
property and its absorption effect upon the skin is unknown, and the rate of action and bio chemical mechanisms 
are unknown. This makes Thiozinofin an experimental nerve agent. that warrants further testing. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8 Field Stability: 5.9 in moist environments; 9.2 
in dry environments 
Persistence (open area): 6.4 Storage stability: 9.8 (when kept dry), 
Persistence (enclosed area): 9.5 Toxicity (as nerve agent): 8 (ingestion; 


however, victim would most likely vomit 
upon ingestion therefore little absorption to 
be fatal), 8.1 (inhalation) 7.4 (eye 
absorption), 8.4 (skin absorption) 
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propyl! methyl(propy!)phosphoramidodithiofluoridate 


Step |: preparation of thiophosphory! dichlorofluoride 


Into a standard autoclave, equipped with heating element, electric stirrer, and pressure gauge, pour in 211 grams of 
pre-chilled phosphorus pentafluoride, followed by 57 grams of pre-chilled (-60 Celsius) hydrogen sulfide 
liquid, and then seal the autoclave, and turn on the heating element to 500 Celsius, under a pressure of 500 ATM’ s. 
Continue to heat and stir at the indicated heat and pressure for 2 hours. After 2 hours, turn off the heat, and open the 
pressure gauge slowly, to equalize the pressure back to STP, and allow the reaction mixture within the autoclave to 
cool to room temperature. Now, once he reaction mixture has cooled to room temperature, attach a vacuum gauge 
connector outlet to the pressure gauge system, and apply a vacuum of 250mm of mercury to suck out the hydrogen 
fluoride gas into a sodium hydroxide gas trap. Continue the vacuum for approximately 4 hours. After 4 hours, turn 
off the vacuum, and open the autoclave, and recover the reaction mixture within, and place this reaction mixture 
into a triple-path distillation apparatus as illustrated below, and vacuum distill the reaction mixture at 167 Celsius at 
109mm of mercury until no more desired pre-product of phosphorothioic trifluoride is collected or passes over as 
shown in the illustration, 
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Now, into a clean standard autoclave, equipped with heating clement, electric stirrer, and pressure gauge, pour in 
201 grams of the pre-product of phosphorothioic trifluoride just prepared in the previous, followed by 263 
grams of 1-chloropropane, followed by 50 grams of anhydrous ferric fluoride, and then seal the autoclave, turn 
on the autoclave to 650 Celsius under a pressure of 670 ATM’s for approximately 4 hours with constant stirring. 
After 4 hours, carefully relieve the pressure gauge, and equalize the pressure inside the autoclave back to STP. 
Now, reduce the temperature inside the autoclave to 78 Celsius, and attach a vacuum gauge connector outlet to the 
pressure gauge system, and apply a vacuum of 98mm of mercury to suck out the hydrogen fluoride gas into a 
sodium hydroxide gas trap. Continue the vacuum for approximately 3 hours. After 3 hours, turn off the vacuum, 
and open the autoclave, and recover the reaction mixture within, and place this reaction mixture into a clean 
standard vacuum distillation apparatus, and vacuum distill the recovered reaction mixture at 189 Celsius at 204mm 
of mercury until no more desired product of thiophosphoryl dichlorofluoride distills over or is collected. Once no 
more desired product distills over or is collected, stop the vacuum distillation process, equalize the pressure in the 
usual manner, and then recover the desired product of thiophosphoryl dichlorofluoride from the receiver flask, and 
store it in a air-tight nickel container (do not use glass, as the product will corrode it), until use for step 2. 


Step 2: preparation of Thiozinofin 


Into an apparatus as used in the prior art, pour into the addition funnel a solution prepared by dissolving 258 grams 
of thiophosphoryl dichlorofluoride (prepared in step 1) into 650 milliliters of dry fresh carbon disulfide, Then 
pour into the reaction flask, 128 grams of propane-1-thiol, followed by 123 grams of N-methylpropan-1-amine, 
followed by 262 grams of pyridine, and then followed by 750 milliliters of fresh dry diethyl ether. Thereafter, 


by means of an ice/salt bath, chill the ingredients in the reaction flask to 0 Celsius. Once the ingredients in the 
reaction flask reach 0 Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 
minutes, begin to add, slowly, the thiophosphory! dichlorofluoride/carbon disulfide mixture in the addition funnel 
into the reaction mixture while rapidly blending the reaction mixture and maintaining its temperature around 0 
Celsius at all times. Once all the thiophosphoryl dichlorofluoride has been added from the addition funnel, continue 
to stir the reaction mixture at a temperature around 0 Celsius for 2 hours. After 2 hours, remove the ice/salt bath 
and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction mixture 
during the warming period. Once the reaction mixture has warmed to room temperature, disassemble the apparatus, 
and then filter-off the insoluble by-product of pyridine hydrochloride using a Buchner funnel under moderate 
suction, wash with two 250-milliliter portions of fresh dry diethyl ether, and then pour the filtered reaction 
mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium carbonate, 
blend for 45 minutes, then filter-off the sodium carbonate using a clean Buchner funnel under strong suction. Now, 
pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether and carbon disulfide at 
40 Celsius under mild vacuum until no more ether and carbon disulfide passes over or is collected. When no more 
ether and carbon disulfide passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then 
recover the left over oily residue that remains behind, and then place this left over oily residue into a standard 
vacuum distillation apparatus, and vacuum distill the oily residue at 201 Celsius under a vacuum of 401mm of 
mercury until no more desired product is collected or passes over. Once no more desired product is recovered, stop 
the distillation process, equalize the pressure, and then recover the oily liquid product of Thiozinofin, and store it in 
a glass container in a cool dry place until use. 


12. Vfuluren; VXL; O-[4-(dimethylamino)pentan-2-yl] S-propyl propan-2- 
ylphosphonothioate 


HC 
CH—P——O 
HC 
Molecular Formula = Ci3H3>NO2PS Formula Weight = 295.421562 


Composition =C(52.85%) H(10.24%) Molar Refractivity = 82.48 + 0.3 em? 
N(4.74%) O(10.83%) P(10.48%) 
S$(10.85%) 


Molar Volume = 295.9 + 3.0 cm” Parachor = 709.6 + 4.0 cm® 
Index of Refraction = 1.469 + 0.02 Surface Tension = 33.0 + 3.0 dyne/cm 
Density = 0.998 + 0.06 g/cm* Polarizability = 32.70 + 0.5 10cm? 
Monoisotopic Mass = 295.173485 Da Nominal Mass = 295 Da 
Average Mass = 295.4216 Da M+ = 295.172937 Da 
M- = 295.174034 Da [M+H]+ = 296.180762 Da 
[M+H]- = 296.181859 Da [M-H]+ = 294.165112 Da 
[M-H]- = 294.166209 Da Smiles: 


CN(C)C(C)CC(CJOP(=OVSCCC)C(C)C 


InChI = 1S/C13H30NO2PS/c 1 -8-9- 
18-17(15,11(2)3)16-13(5)10- 
12(4)14(6)7/h1 1-13H,8-10H2,1-7H3 


Vfuluren is a deadly V-agent, which forms an oily amber colored liquid with a slight sulfurous odor. The oil has a 
boiling point of 273 Celsius at 290mm of mercury, or 162 Celsius at 13mm of mercury. The melting point is —47 
Celsius, and it decomposes when heated above 292 Celsius. Vfuluren is a highly toxic V-agent cholinesterase 
inhibitor with outstanding properties. The agent can be used in any environment with great results. Because the 
agent has a density less then water, it will float on the surface of water such as on leaves, branches, bushes, grass, 
ect., and persist in such manners indefinitely. Vfuluren is insoluble in water, but moderately soluble in methylene 
chloride, ether, DMSO, and carbon disulfide. The agent has only one drawback, the fact that it decomposes above 
292 Celsius, making not suitable for use in explosive delivery munitions or systems due to breakdown of much of 
the agent upon activation of the explosive delivery system; nevertheless Vfuluren is an outstanding nerve agent that 
can persist in wet and rainy environments for up to 6 months or maybe even longer, and it can persist in dry 
environments for up to a year. The agent is very stable, and is not effected by cold or hot weather, wet or rain, 
atmosphere, but it is partially destroyed by solutions of strong alkalis whereby the oxygen attached to the 
phosphorus is cleaved by hydrolyses, splitting the agent into two much less active agents, hence for 
decontamination a hot solution of a strong alkali should be used. The best method of dissemination of Vfuluren is 
by aerosol, or sprayed directly from an aircraft whereby it mixes thoroughly with the air, even dense moist air 
forming a uniform atmosphere of deadly agent that is then easily and readily inhaled by enemy forces, death 
usually occurs within 30 minutes of inhalation. The LDs» through inhalation in rats, is as low as 0.00 Img per/Kg, 
and the lethal dose in the average man through inhalation may be as low as 0.091 mg; however, exact lethality 
properties have not yet been thoroughly tested as this is an experimental V-agent with properties very similar to VX 
however. Vfuluren is a fast acting nerve agent, that can spread over wide areas contaminating them for months, 
with lethal properties even after great periods of time in any of said environments. Even exposure to non-lethal 
amounts can lead to incapacitating results within minutes of ingestion, inhalation, skin absorption, or eye 
absorption producing symptoms like nausea, vomiting, migraines, joint pain, cold sweats, dizziness, stupor, 
sleepiness, and difficulty breathing, making the soldiers job almost impossible to carryout. Lethality through 
ingestion is highly unlikely as described, and the agent can be absorbed through the skin in 30 to 45 minutes, 
depending on quantity, and exposure. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 10 Field Stability: 9.5 in moist environments; 10 
in dry environments 
Persistence (open area): 9.8 Storage stability: 10 (when kept dry), 
Persistence (enclosed area): 10 Toxicity (as nerve agent): 4 (ingestion; 


however, victim would most likely vomit 
upon ingestion therefore little absorption to 
be fatal), 9.7 (inhalation) 9.1 (eye 
absorption), 7.5 (skin absorption) 


ad 
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O-[4-(dimethylamino)pentan-2-yl] S-propyl 
propan-2-ylphosphonothioate 


Into an apparatus as illustrated in the following, pour into the addition funnel a solution prepared by dissolving 29 
grams of propane-1-thiol, and 51 grams of 4-(dimethylamino)pentan-2-ol into 600 milliliters of dry fresh 
methylene chloride. Then pour into the reaction flask, 750 milliliters of dry fresh diethyl ether, followed by 62 
grams of isopropyl! phosphoryl dichloride, followed by 61 grams of pyridine. Thereafter, by means of a ice/salt 
bath chill the ingredients in the reaction flask to —5 Celsius. Once the ingredients in the reaction flask reach —5 
Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, 
slowly, the propane-1-thiol and 4-(dimethylamino)pentan-2-ol/methylene chloride mixture from the addition funnel 
over a period of about 30 minutes while rapidly blending the reaction mixture and maintaining its temperature 
around to —5 to 0 Celsius at all times. Once all the propane-1-thiol and 4-(dimethylamino)pentan-2-ol/methylene 
chloride mixture from the addition funnel has been added, continue to stir the reaction mixture at a temperature 
around —5 to 0 Celsius for 2 hours. After 2 hours, remove the ice/salt bath and allow the reaction mixture to warm 
to room temperature. Note: continue to rapidly blend the reaction mixture during the warming period. Once the 
reaction mixture has warmed to room temperature, disassemble the apparatus, and then filter-off the insoluble by- 
product of pyridine hydrochloride using a Buchner funnel under moderate suction, wash with two 250-milliliter 
portions of fresh dry ether, and then pour the filtered reaction mixture into a clean beaker equipped with 
motorized stirrer, add in 50 grams of anhydrous sodium carbonate, blend for 45 minutes, then filter-off the 
sodium carbonate using a clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture 
into a rotary evaporator, and evaporate-off the methylene chloride and ether at 40 Celsius under mild vacuum until 
no more methylene chloride and ether passes over or is collected. When no more methylene chloride and ether 
passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then recover the left over oily 
residue that remains behind, and then place this left over oily residue into a standard vacuum distillation apparatus, 
and vacuum distill the oily residue at 273 Celsius under a vacuum of 290mm of mercury until no more desired 
product is collected or passes over. Once no more desired product is recovered, stop the distillation process, 
equalize the pressure, and then recover the oily liquid product of Vfuluren and store it in a glass container in a cool 
dry place until use. 


propane-1-thiol, 
4-(dimethylamino)pentan-2-ol, 
in methylene chloride ~~ 


~ 


Isopropyl phosphoryl 
dichloride, pyridine, in 
ether 


—__cold water condenser 


ice/salt bath 


13. Azacyclowolfrine; X-Agent LM; 3-{[fluoro(nitrilo)-A*-phosphanyl]oxy }-1- 


azabicyclo[2.2.2]octane 


CH,—CH 
CH, 
HC CH—O. 
2 CHz % 
P=SN 
N—CH, / — 
F 


Molecular Formula = C7H)}2FN»OP 


Formula Weight = 190.1551452 


Composition = C(44.21%) H(6.36%) 
F(9.99%) N(14.73%) O(8.41%) 
P(16.29%) 


Molar Refractivity = 70.18 + 0.3 
cm” 


Molar Volume = 196.08 + 3.0 cm* 


Parachor = 502.601 + 4.0 cm* 


Index of Refraction = 1.1897 + 0.02 


Surface Tension = 29.09 + 3.0 
dyne/em 


Density = 1.009 + 0.06 g/cem* 


Polarizability = 56.10 + 0.5 10cm$ 


Monoisotopic Mass = 190.067127 Da 


Nominal Mass = 190 Da 


Average Mass = 190.1551 Da 


M+ = 190.066579 Da 


M- = 190.067676 Da 


[M+H]+ = 191.074404 Da 


[M+H]- = 191.075501 Da 


[M-H]+ = 189.058754 Da 


[M-H]- = 189.059851 Da 


Smiles: FP(#N)OCICN2CCC1CC2 


InChI = 1S/C7H12FN20P/c8- 
12(9)11-7-5-10-3-1-6(7)2-4-10/h6- 
TH, 1-SH2 


Azacyclowolfrine is an X agent, which forms white to slightly brown crystalline powder with a melting point of 82 
to 91 Celsius depending on purity. The agent can be distilled at 301 Celsius at 209mm of mercury, or at 221 Celsius 
at 18mm of mercury. The agent decomposes when heated above 509 Celsius. It is only slightly soluble in water 1 g¢ 
per 37 ml of water (hydrolyses half life: 36 hours), and is only moderately soluble in methylene chloride, hexane, 
and ethyl acetate, but has good solubility in DMF, toluene, benzene, and 99% ethanol. Azacyclowolfrine is a 3- 
Quinuclidinol containing compound that has interesting properties that warrant further investigation. Estimated 
calculations have determined that Azacyclowolfrine has not only cholinesterase inhibiting properties but 
incapacitating properties similar to the infamous agent BZ (but with much less severity). When the agent is 
ingested, it is rapidly absorbed and can lead to incapacitating results with symptoms similar to BZ. but with much 
less severity. The agent when ingested can cause cholinesterase-inhibiting results, but the agent is usually broken 
down into other compounds that have no nerve agent properties. The agent is not absorbed through the skin, but 
when the powder or dust is inhaled, it can lead to nerve agent intoxication and incapacitating intoxication at the 
same time. This makes Azacyclowolfrine a very formidable warfare agent on the battlefield to not only kill soldiers 
via its cholinesterase inhibiting properties, but its incapacitating properties as well. Symptoms of exposure include 
dizziness, blurred vision, migraines, stupor, confusion, cold sweats, difficulty breathing, excessive fluid discharge, 
and diarrhea with blood, bloating, cramps, muscle soreness, and severe rash formation. The LDs» through inhalation 
of smoke fumes in rabbits was estimated to be around 0.998 mg per/Kg, but incapacitating results in man has been 
estimated to be as low as 1.84 mg. Azacyclowolfrine is a fast acting casualty producing agent. The agent can persist 
in moist environments for up to 14 days, and in dry environments for up to 60 days. Inhalation of lethal quantities 
in man, may lead to respiratory collapse leading to death within 3 hours, but inhalation or ingestion of as little as 
1,84 mg can lead to severe incapacitating results within 5 to 8 minutes, these incapacitating results may last up to 
12 hours making the soldiers job impossible to carryout, even incapacitating results may last for up 16 hours 
depending on the rate of metabolism in any given soldier. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): N/A Field Stability: 5.3 in moist environments; 10 
in dry environments 
Persistence (open area): 6.5 Storage stability: 9.8 (when kept dry), 
Persistence (enclosed area): 9.2 Toxicity (as nerve agent): N/A; estimated 7.6 
to 8.9 through inhalation. May polymerize 
and long storage. 
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-1-azabicyclo[2.2.2]octane 


Into an apparatus as illustrated in the following, pour into the addition funnel a pre-prepared solution prepared by 
adding and dissolving 147 grams of 3-Quinuclidinol to 650 milliliters of dry benzene. Thereafter, pour into the 
reaction flask 134 grams of phosphonitrillic dichloride, followed by 91 grams of pyridine, followed by 500 
milliliters of DMF, and then followed by 300 milliliters of fresh dry diethyl ether. Thereafter, place the reaction 
flask into a dry ice/acetone bath (25% dry ice/75% acetone, and chill the ingredients in the reaction flask to —20 
Celsius. Once the ingredients in the reaction flask cool to -20 Celsius turn on the motorized stirrer to high speed 
and blend for 15 minutes. After 15 minutes, continue to rapidly stir the reaction mixture at a temperature of -20 
Celsius at all times, while slowly adding in, the 3-Quinuclidinol/benzene solution from the addition funnel over a 
period of 45 minutes. After 45 minutes, continue to rapidly stir the reaction mixture and maintain its temperature at 
-20 to -5 Celsius for 3 hours. After 3 hours, remove the dry ice/acetone bath, and allow the reaction mixture to 
warm to room temperature. Note: during the warming period, continue to rapidly blend the reaction mixture. Once 
the reaction mixture has warmed to room temperature, turn off the motorized stirrer, disassemble the apparatus, and 
then filter-off the insoluble by-product of pyridine hydrochloride using a clean Buchner funnel under moderate 
suction, wash with two 250-milliliter portions of fresh dry ether, and then pour the filtered reaction mixture into 
a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium carbonate, blend for 45 
minutes, then filter-off the sodium carbonate using a clean Buchner funnel under strong suction. Now, pour this 
filtered dried reaction mixture into a rotary evaporator, and evaporate-off the ether at 35 Celsius under mild 
vacuum until no more ether passes over or is collected. Now, into a standard reflux apparatus fitted with motorized 
stirrer, bulb reflux condenser, heating mantle and thermometer, pour into the distillation flask the left over residue 
from the rotary evaporator, and then add in 500 milliliters of toluene. Thereafter turn on the motorized stirrer, and 
then turn on the heating mantle to 110 Celsius. Once the toluene is seen refluxing, begin to add through the top 
opening of the bulb reflux condenser, dry powdered sodium fluoride in 1-gram portions at a time until 49 grams of 
sodium fluoride has been added. Once all the sodium fluoride has been added, continue to rapidly stir the reaction 
mixture under reflux for about | hour. After 1 hour, turn off the heating mantle, and allow the reaction mixture to 
cool to room temperature. Note: continue to rapidly stir the reaction mixture during the cool down period. Once the 
reaction mixture has cooled to room temperature, disassemble the apparatus, and then filter-off the insoluble by- 
product of sodium chloride, wash with two 150-milliliter portions of fresh toluene, and then pour the filtered 
reaction mixture into a standard two-path distillation apparatus, and distill-off the toluene and DMF at 160 Celsius. 
Once no more toluene or DMF distills over or is collected, and a molten residue remains behind in the distillation 
flask, stop the distillation process, and then allow the left over remaining residue in the distillation flask to come to 
95 Celsius. Note: this molten left over residue will be the desired product. When the temperature of this liquid 
residue reaches 95 Celsius, quickly disassemble the distillation apparatus, and then quickly pour the molten liquid 
left over residue into a nickel crucible, and then allow it to solidify into a solid mass. Once this desired product has 
solidified and cooled to room temperature, pulverize it into a fine powder. Thereafter, into a clean beaker, pour in 
1500 milliliters of 99% ethanol, and then add in the pulverized desired product, and then stir until the product 
dissolves. Now, recrystallize the desired product from the ethanol, and collect the crystals on a Buchner funnel, and 
once most of the desired product has been collected, suction dry the desired crystalline product in the Buchner 
funnel, and then place these collected crystals in an oven and bake at 78 Celsius for 4 hours. After 4 hours, turn off 


the oven, and then collect the dried desired product (once it has cooled), pulverize it into a white powder, and then 
store it in a clean glass container, sealed air-tight and store in a cool dry place until use. Note: see recrystallization 
for information on how to carryout a recrystallization. 


__cold water condenser 


phosphonitrillic dichloride. 
and pyridine in DMF and . 
ether dry ice/acetone bath 
14. BZX-XPF90-009; 1-azabicyclo[2.2.2]oct-3-yl hydroxy(diphenylacetate- 
ethylphosphonofluoridate 


CH 
Hoe cu 
CH,—CH | 
cH; HC CH 
H / f ‘cH——O Se 
2 CH, 


Molecular Formula = C23H27FNOsP Formula Weight = 431.4369452 
Composition =C(64.03%) H(6.31%) Molar Refractivity = 112.62 + 0.4 


F(4.40%) N(3.25%) O(14.83%) cm? 
P(7.18%) 
Molar Volume = 339.6 + 5.0 cm* Parachor = 904.1 + 6.0 cm* 
Index of Refraction = 1.577 + 0.03 Surface Tension = 50.2 + 5.0 
| dyne/em 
Density = 1.27 + 0.1 g/cm? Polarizability = 44.64 + 0.5 10cm" 
Monoisotopic Mass = 431.166173 Da Nominal Mass = 431 Da 
Average Mass = 431.4369 Da | _ M+ = 431.165624 Da 
M- = 431.166721 Da [M+H]+ = 432.173449 Da 
(M+H]- = 432.174546 Da [M-H]+ = 430.157799 Da 
[M-H]- = 430.158896 Da Smiles: 


CCP(F)(=O)OC(clcecce1)(clceecc1) 
C(=O)OCICN2CCC1CC2 


InChI = 1S/C23H27FNO4P/c1-2- 
30(24,27)29-23(19-9-5-3-6-10-19,20- 
1 1-7-4-8-12-20)22(26)28-21-17-25- 
15-13-18(21)14-16-25/h3- 
12,18,21H,2,13-17H2,1H3 


Tynarious is a GBZ experimental agent that is a new and unknown compound never before seen until now, circa 
2012. This agent combines the incapacitating and hallucinogenic symptoms along with cholinesterase inhibiting 
activity. This agent by far may the most feared of all experimental agents as it contains a BZ molecule and G-agent 
molecule, the effects when combined can lead to a seriously slow and painful death amongst the enemy. Tynarious 
has a boiling point of 347 Celsius at 8 mm of mercury, and a melting point of 234 Celsius. The agent is insoluble in 
water, and when added to water, it sinks to the bottom, with no undo hydrolyses for up to 12 hours at room 
temperature. The agent is soluble in 99% ethanol, with moderate solubility in benzene, DMF, and DMSO. The 
agent can persist in wet and rainy environments for up to 12 days with a hydrolyses half-life: of 72 hours, and in 
dry environments the agent can persists for up to 3 months. Sense it is insoluble in water, it will stick to plants, 
leaves, branches, flowers, wood, grass, forest floors, metal, concrete, and many other materials, from which it can 
persist for months. Tynarious has got to be the most notorious and infamous of all chemical warfare agents. To 
understand its hallucinogenic and incapacitating effects, see BZ. Its nerve agent properties are similar to sarin and 
soman, and the lethal dose when inhaled may be as low as 1.06mg in the average man; nevertheless, its BZ 
component makes this agent suitable for battlefield use in non-lethal concentrations so as to inhibit soldiers from 
performing their daily duties. The hallucinogenic and incapacitating effects of non-lethal amounts though 

inhalation can last for up to 36 hours making the soldiers job absolutely impossible to carryout. And, with the nerve 
G-agent portion, inhalation of non-lethal doses can produce symptoms of exposure including dizziness, blurred 
vision, migraines, stupor, confusion, cold sweats, difficulty breathing, excessive fluid discharge, diarrhea with 
blood, bloating, cramps, muscle soreness, and severe rash formation, and that's just the nerve agent portion when 
taken in non-lethal amounts. The symptoms of the BZ portion of the molecule are very similar to BZ so see vide 
supra. Tynarious is a rapid fast acting nerve agent, hallucinogenic, and incapacitating agent that can produce effects 
within minutes of dissemination and exposure. The most desired delivery system for this compound is through 
aerosol munitions, so the agent can be inhaled whereby its effects are more rapid and severe. Ingestion of the 
compound it is rapidly absorbed, producing PCP like sensations and feelings, including feelings of invincibility, 
and complete control, and exposed personnel are most likely to run into traffic, jump off a building, or shoot 
themselves. BZ agents where widely experimented with during the Vietnam war, leading to many "accidental" 
deaths caused by symptoms of euphoria, anger, hatred, and feelings of betrayal and confusion--exposed soldiers 
often turned on each other killing each other in barbaric and gruesome manners. Tynarious has not been thoroughly 
investigated, but its effects are probably similar to the BZ agents exposed to those US military personnel during the 
Vietnam war. The LDs» in mice through inhalation has been estimated to be 0.19mg pet/Kg, but the hallucinogenic 
and incapacitating quantities in the average man may be as low as 0.078mg, producing effects very similar to BZ 
see vide supra. Tynarious is a compound that definitely deserves much further investigation. The agent can be 
mixed with other warfare agents such as phosgene oxime, chloropicrin, CS, or blister agents for more delivery 
effect. This compound is very dangerous, and should not be attempted to manufacture unless a clean room is used. 
Note: inhalation, or ingestion of this compound can put exposed personnel in “their own personnel hell”, 


with extreme psychedelic, hallucinogenic, and Cholinesterase effects, with potency depending on metabolism 
of the soldiers in question. Exposure to non-lethal amounts will put the soldier in “hell”, and the soldier is 
most likely to commit suicide. Exposure to lethal amounts (if you're lucky) can lead to death in 45 minutes. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7.4 Field Stability: 7.7 in moist environments; 10 
Effectiveness (as hallucinogen agent): 10 in dry environments 


Effectiveness (as nerve agent/hallucinogen 
combined agent): 9.8 
Persistence (open area): 8.8 Storage stability: 10 (when kept dry), 
Persistence (enclosed area): 9.5 Toxicity (as nerve agent): N/A; estimated 
through inhalation: 8.9; skin absorption: 8.1 
(the dry agent produces no irritation so 
exposed personnel will be unaware of any 
contamination; eye absorption: 8.7; 
ingestion: 4.9 
Toxicity overall (as combined agent): 7.6/9.9 
(the latter being hallucinogen/incapacitating 
agent 
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EXTREME WARNING! This agent is experimental, and is considered extremely dangerous. 
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1-azabicyclo[2.2.2]oct-3-yl hydroxy 
(diphenyl) acetate-ethylphosphonofluoridate 


Into an apparatus as known in the prior art (but a much smaller sized apparatus), pour into the addition funnel a pre- 
prepared solution prepared by adding and dissolving 47 grams of BZ to 300 milliliters of a solvent mixture 
prepared by mixing 150 milliliters of dry acetone with 150 milliliters of dry diethyl ether. Thereafter, pour into 
the reaction flask 21 grams of ethyl phosphoryl chloride, followed by 11 grams of pyridine, followed by 300 
milliliters of dry diethyl ether. Thereafter, place the reaction flask into a dry ice/acetone bath (25% dry ice/75% 
acetone, and chill the ingredients in the reaction flask to -20 Celsius. Once the ingredients in the reaction flask cool 
to —20 Celsius, turn on the motorized stirrer to high speed and blend for 15 minutes. After 15 minutes, continue to 
rapidly stir the reaction mixture at a temperature of -20 Celsius at all times, while slowly adding in, the 
BZ/acetone/ether solution from the addition funnel over a period of 45 minutes. After 45 minutes, continue to 
rapidly stir the reaction mixture and maintain its temperature at —-20 to —5 Celsius for 3 hours. After 3 hours, 
remove the dry ice/acetone bath, and allow the reaction mixture to warm to room temperature. Note: during the 
warming period, continue to rapidly blend the reaction mixture. Once the reaction mixture has warmed to room 
temperature, turn off the motorized stirrer, disassemble the apparatus, and then filter-off the insoluble by-product of 
pyridine hydrochloride using a clean Buchner funnel under moderate suction, wash with two 75-milliliter portions 
of fresh dry ether, and then pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, 
add in 20 grams of anhydrous sodium sulfate, blend for 45 minutes, then filter-off the sodium sulfate using a 
clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, 
and evaporate-off the acetone and ether at 55 Celsius under moderate vacuum until no more acetone and ether 
passes over or is collected. Now, into a standard reflux apparatus fitted with motorized stirrer, bulb reflux 
condenser, heating mantle and thermometer, pour into the distillation flask the left over residue from the rotary 
evaporator, and then add in 300 milliliters of benzene. Thereafter turn on the motorized stirrer, and then turn on 
the heating mantle to 105 Celsius. Once the benzene is seen refluxing, begin to add through the top opening of the 
bulb reflux condenser, dry powdered sodium fluoride in 250-milligram portions at a time until 6 grams of sodium 
fluoride has been added. Once all the sodium fluoride has been added, continue to rapidly stir the reaction mixture 
under reflux for about 1 hour. After 1 hour, turn off the heating mantle, and allow the reaction mixture to cool to 
room temperature. Note: continue to rapidly stir the reaction mixture during the cool down period. Once the 


reaction mixture has cooled to room temperature, disassemble the apparatus, and then filter-off the insoluble by- 
product of sodium chloride, wash with two 75-milliliter portions of fresh benzene, and then pour the filtered 
reaction mixture into a standard distillation apparatus, and distill-off the benzene at 110 Celsius. Once no more 
benzene distills over or is collected, and a solid residue remains behind in the distillation flask, stop the distillation 
process, and then allow the left over remaining residue in the distillation flask to cool to room temperature. 
Thereafter, using any desired means, recover this left over solid residue, which will be the desired product, and 
place it into a clean beaker, pour in 500 milliliters of 99% ethanol, and then stir until the product dissolves. Now, 
recrystallize the desired product from the ethanol, and collect the crystals on a Buchner funnel, and once most of 
the desired product has been collected, suction dry the desired crystalline product in the Buchner funnel, and then 
place these collected crystals in an oven and bake at 78 Celsius for 4 hours. After 4 hours, turn off the oven, and 
then collect the dried desired product (once it has cooled), pulverize it into a powder, and then store it in a clean 
glass container, sealed air-tight and store in a cool dry place until use. Note: see recrystallization for information on 
how to carryout a recrystallization. 


15.Khunstiger; S-[3-(dimethylamino)propyl] methylphosphonocyanidothioate 
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Molecular Formula = C;H,;sN20PS 
Composition =C(40.76%) H(7.33%) 
N(13.58%) O(7.76%) P(15.02%) 
S(15.55%) 


Formula Weight = 206.245562 
Molar Refractivity = 52.98 + 0.3 
cm? 


Molar Volume = 182.8 + 3.0 cm” 


Parachor = 467.3 + 4.0 cm* 


Index of Refraction = 1.491 + 0.02 


Surface Tension = 42.7 + 3.0 
dyne/cm 


Density = 1.128 + 0.06 g/cm’ 


Polarizability = 21,00 + 0.5 10%cm> 


Monoisotopic Mass = 206.064269 Da 


Nominal Mass = 206 Da 


Average Mass = 206.2456 Da 


M+ = 206.063721 Da 


M- = 206.064818 Da 


[M+H]+ = 207.071546 Da 


[M+H]- = 207.072643 Da 


[M-H]+ = 205.055895 Da 


[M-H]- = 205.056993 Da 


Smiles: CP(=O)(C#N)SCCCN(C)C 


InChl = 1S/C7HIS5N20PS/c1-9(2)5-4- 
6-12-11(3,10)7-8/h4-6H2, 1-3 H3 


Khunstiger is a Tabun-V highly toxic and potent cholinesterase-inhibiting agent, which forms an oily water-white 
to slightly yellowish liquid. The liquid has a boiling point of 294 Celsius at 650mm of mercury, or 167 Celsius at 
33mm of mercury. The liquid agent has a melting point of -24 Celsius, so it can be used in most cold weather 
environments. Khunstiger is only slightly soluble in water (1 g per 23ml), and it can stay in solution for up to 16 
months. The agent is very resistant to water and hence can persist in moist and wet environments for up to 12 
months. In moist or dry hot temperature environments such as jungles, the agent can persist for up to 15 to 20 days 
due to volatization, and in hot dry climates it volatizes readily within 7 days. In cooler environments the agent can 
persist for up to 3 months, with volatization taking place once the temperature increases; nevertheless, in all these 
cases, even through volatization, the agent can remain airborne for months, and swept away to other locations 
whereby precipitation may result, hence Khunstiger can be used to contaminate enormous areas for months. 
Khunstiger has an interesting property where by it is rapidly absorbed by the skin, leading to poisoning within 
hours of skin contact, depending on concentration and skin exposure. An estimated skin absorption of as little as 
1.96mg can lead to cholinesterase poisoning, but not necessarily death, leading to the usual nerve agent poisoning 
symptoms. Death through inhalation or eye absorption can be as low as 0.109mg. LDso through inhalation in rabbits 


was estimated to be as low as 0.002mg/Kg. Khunstiger is readily soluble in methylene chloride, acetone, hexane, 
ether, DMF, THF, DMSO, with mild to moderate solubility in ethyl acetate, carbon disulfide, and toluene. The 
agent is rapidly decomposed by hot alkali hydroxides, whereby the cyanide group is detached and removed from 
the molecule. Khunstiger is a remarkable highly toxic fast acting casualty producing agent, which can spread over 
large areas of land and persist for months; hence, it can even "migrate" from one location to another and another 
over time making decontamination and control of the agent almost impossible. This makes Khunstiger a WMD, 
that should only be used in last-ditch efforts. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8.1 


Field Stability: 8.8 in moist environments; 10 
in dry environments 


Persistence (open area): 9.5 


Storage stability: 10 (when kept dry), 


Persistence (enclosed area): 10 


Toxicity (as nerve agent): Inhalation: 9.4; 


skin absorption: 8.9 (the agent on the skin 
produces no irritation and resembles sweat, 
so exposed personnel will be unaware of any 
contamination; eye absorption: 8.7; 
ingestion: 2.9 (ingestion of as little as 2mg 
may cause violent nausea and vomiting). 


e [4 


a4 | A | AM | 
a) Ca) Cai) POTENT SKIN POTENT LUNG| Pellndl 
WARNING! WARNING! WARNING! ABSORPTION ABSOR?T1ON 


PREPARATION I: 
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S-[3-(dimethylamino)propyl] 
methylphosphonocyanidothioate 


Into an apparatus as illustrated below, pour into the reaction flask a pre-prepared solution containing 77 grams of 
methyl magnesium chloride in 500 milliliters of dry diethyl ether (prepared by passing dry methyl chloride gas 
into a reaction mixture containing magnesium turnings in ether), followed by 82 grams of pyridine. Thereafter, 
pour into the first addition funnel, pour in a solution prepared by adding and dissolving 149 grams of 
phosphoryldichloro cyanide into 400 milliliters of ether, and then pour into the second addition funnel a solution 
made by adding and dissolving 123 grams of 3-(dimethylamino)propane-1-thiol into 650 milliliters of dry 
diethyl ether. Thereafter, place the apparatus in a dry ice/acetone bath containing 20% dry ice/ and 80% acetone. 
Thereafter, once the ingredients in the reaction flask have been cooled to —20 Celsius, turn on the motorized stirrer 
to high speed for 15 minutes, and then slowly begin to add in, from the first addition funnel the phosphoryldichloro 
cyanide/ether mixture, and then at the same time, begin to slowly add in the 3-(dimethylamino)propane-|- 
thiol/ether mixture in the second addition funnel into the reaction mixture while rapidly blending the reaction 
mixture and maintaining its temperature around —20 Celsius at all times. Note: the addition of the 


phosphoryldichloro cyanide/ether mixture and 3-(dimethylamino)propane-|-thiol/ether mixture should be added at 
arate so as both liquids are added to the reaction mixture at the same time. Once all the phosphoryldichloro 
cyanide/ether mixture, and 3-(dimethylamino)propane-1-thiol/ether mixture has been added from the addition 
funnels, continue to stir the reaction mixture at a temperature around —10 to 0 Celsius for 2 hours. After 2 hours, 
remove the cooling bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly 
blend the reaction mixture during the warming period. Once the reaction mixture has warmed to room temperature, 
disassemble the apparatus, and then filter-off the insoluble by-products of pyridine hydrochloride, and magnesium 
chloride using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of fresh dry 
diethyl ether, and then pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, add 
in 50 grams of anhydrous sodium carbonate, blend for 45 minutes, then filter-off the sodium carbonate using a 
clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, 
and evaporate-off the ether at 35 Celsius under mild vacuum until no more ether passes over or is collected. When 
no more ether passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then recover the 
left over oily residue that remains behind, and then place this left over oily residue into a standard vacuum 
distillation apparatus, and vacuum distill the oily residue at 167 Celsius under a vacuum of 33mm of mercury until 
no more desired product is collected or passes over. Once no more desired product is recovered, stop the distillation 
process, equalize the pressure, and then recover the oily liquid product of Khunstiger, and store it in a glass 
container in a cool dry place until use. 
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16.Snuyfluorokin; ONP-1,1,1; O-(1,1,1-trifluoropropan-2-yl) N,N,P- 
trimethylphosphonamidothioate 
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Molecular Formula = CsHi3F; NOPS 


Formula Weight = 235.2074916 


Composition =C(30.64%) H(5.57%) 
F(24.23%) N(5.96%) O(6.80%) 
P(13.17%) S(13.63%) 


Molar Retractivity 49.86 + 0.3 
cm” 


Molar Volume = 189.9 + 3.0 cm* 


Parachor = 450.8 + 4.0 cm? 


Index of Refraction = 1.437 + 0.02 


Density = 1.238 + 0.06 g/cem* 


Surface Tension = 31.7 + 3.0 
| dyne/em 
Polarizability = 19.76 + 0.5 10cm? 


Monoisotopic Mass = 235.040755 Da 


Nominal Mass = 235 Da 


Average Mass = 235.2075 Da 
M- = 235.041303 Da 


M+ = 235.040206 Da 
[M+H]+ = 236.048031 Da 


[M+H]- = 236.049128 Da 


[M-H]+ = 234.032381 Da 


[M-H]- = 234.033478 Da 


Snuyfluorokin is an experimental N agent, which is estimated to be a highly toxic cholinesterase inhibitor. Little 


data exists on this compound (translated from German into English; it has been rumored the Russians and Chinese 
are investigating this agent), but forms an oily amber colored liquid with a boiling point estimated to be 291 Celsius 
at 700mm of mercury, or 109 Celsius at 8mm of mercury, with a melting point estimated to be -47 Celsius, hence it 
can be used in very cold enviornments with little volatization. The liquid is soluble in water to the extent of 1 gram 
in 20ml water, with little or no hydrolyses even after 60 days. It is soluble in ether, DMF, ethyl acetate, hexane, 
toluene, and 99% methanol, with mild to moderate solubility in carbon disulfide, liquid ammonia, liquid sulfur 
dioxide, and DMSO. Snuyfluorokin is rapidly absorbed through clothing, and then rapidly absorbed through the 
skin causing cholinesterase poisoning within minutes, sometimes leading to death. The estimated skin absorption 
has been deemed as low as 1.59mg. Inhalation of at least 0.069mg may cause death within 30 minutes. The agent is 
very resistant to chemical attack and can persist in the environment for months regardless of wet or dry 
enviornments. As with Khunstiger, Snuyfluorokin is highly volatile despite its high boiling point, and it can 
dissolve in water forming lethal concentrations that can form droplets on leaves, grass, branches, bushes, concrete, 
metal, plastic, glass, ect, linger for up to 60 days in wet climates, and then volatizing under moderate temperatures, 
and migrating to other locations either in solution or in its pure state contaminating huge areas, and making 
decontamination nearly impossible. Snuyfluorokin can persist in moist and wet enviornments for up to 60 to 90 
days, and it can persist in dry enviornments for up to a year, but volatization would hardly keep the agent in one 
location for more then 15 days. As with Khunstiger, Snuyfluorokin is a rapidly fast acting casualty producing 
"migrating" nerve agent that is a WMD, and should only be used in last ditch efforts. 


OVERALL RATING (scale from 1 to 10) 


LEeffectiveness (as nerve agent): N/A (may have 
been first synthesized in 1993 in Germany) 


Field Stability: N/A in moist environments; 
N/A in dry environments 


Persistence (open area): N/A (estimated to be 
at least 8.7) 


Storage stability: 10 (when kept dry; 
estimated using practical chemical structure 
properties), 


Persistence (enclosed area): N/A (insufficient 
data, but at least 9.9) 


Toxicity (as nerve agent): Inhalation: N/A 
(estimated to be at least 9.5; skin absorption: 
N/A (calculations have estimated it be highly 
and rapidly absorbed through the skin, and 

clothing; as with Khunstiger it produces no 
irritation and resembles sweat, so exposed 
personnel will be unaware of any 
contamination; eye absorption: N/A; 
ingestion: N/A 


ae rn rs a, rs ny 
Bl a el Beacon 


WARNING! 
POTENT EVE 
ABSORPTION 


PREPARATION I: 


i CH; ether 
/ CH3MgCl i 
CI—P—N 3g _ ilterwash/dry 
|| oN CH evaporate - 
CH3 | F vacuum distill 
dimethylphosphoramidothioic Ho he 291 Celsius at 700mm Hg 
dichloride ef “rF 
acetone 
-20 Celsius és ps 
stir __p_ 
Hyc-Ho! ! CH, 


F~ \ 


O-(1,1,1-trifluoropropan-2-yl) 
N,N,P-trimethylphosphonamidothioate 


Into an apparatus as shown in the prior art, pour into the reaction flask a pre-prepared solution containing 41 grams 
of methyl magnesium chloride in 350 milliliters of dry diethyl ether (prepared by passing dry methyl chloride 
gas into a reaction mixture containing magnesium turnings in ether), followed by 43 grams of pyridine. 

Thereafter, pour into the first addition funnel, a solution prepared by adding and dissolving 97 grams of 
dimethylphosphoramidothioic dichloride into 500 milliliters of dry ether, and then pour into the second addition 
funnel a solution made by adding and dissolving 62 grams of 1,1,1-trifluoropropan-2-ol into 500 milliliters of 
dry acetone. Thereafter, place the apparatus in a dry ice/acetone bath containing 20% dry ice/and 80% acetone. 
Thereafter, once the ingredients in the reaction flask have been cooled to —20 Celsius, turn on the motorized stirrer 
to high speed for 15 minutes, and then slowly begin to add in, from the first addition funnel the 

dimethyl phosphoramidothioic dichloride/ether mixture, and then at the same time, begin to slowly add in the 1,1,1- 
trifluoropropan-2-ol/ether mixture in the second addition funnel into the reaction mixture while rapidly blending 

the reaction mixture and maintaining its temperature around —20 Celsius at all times. Note: the addition of the 
dimethyl phosphoramidothioic dichloride/ether mixture and 1,1 ,1-trifluoropropan-2-ol/ether mixture should be 

added at a rate so as both liquids are added to the reaction mixture at the same time. Once all the 
dimethylphosphoramidothioic dichloride/ether mixture, and 1,1, 1-trifluoropropan-2-ol/ether mixture has been 

added from the addition funnels, continue to stir the reaction mixture at a temperature around —10 to 0 Celsius for 2 
hours. After 2 hours, remove the cooling bath and allow the reaction mixture to warm to room temperature. Note: 
continue to rapidly blend the reaction mixture during the warming period. Once the reaction mixture has warmed to 
room temperature, disassemble the apparatus, and then filter-off the insoluble by-products of pyridine 


hydrochloride, and magnesium chloride using a Buchner funnel under moderate suction, wash with two 150- 
milliliter portions of fresh dry diethyl ether, and then pour the filtered reaction mixture into a clean beaker 
equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend for 45 minutes, then filter- 
off the sodium sulfate using a clean Buchner funnel under strong suction. Now, pour this filtered dried reaction 
mixture into a rotary evaporator, and evaporate-off the ether at 55 Celsius under moderate vacuum until no more 
ether and acetone passes over or is collected. When no more ether or acetone passes over or is collected, turn off 
the rotary evaporator, equalize the pressure, and then recover the left over oily residue that remains behind, and 
then place this left over oily residue into a standard vacuum distillation apparatus, and vacuum distill the oily 
residue at 291 Celsius under a vacuum of 700mm of mercury until no more desired product is collected or passes 
over. Once no more desired product is recovered, stop the distillation process, equalize the pressure, and then 
recover the oily liquid product of Snuyfluorokin, and store it in a glass container in a cool dry place until use. 


17. VL-44; OFC-11; Lunifunstog; O-propan-2-yl ethylphosphonothioate 2,2'- 
sulfanediylbis(V,N-dimethylethanamine) 
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Formula Weight = 342.501202 
Molar Refractivity = 94.24 + 0.3 cm* 


Molecular Formula = C);H3;N202PS, 
Composition =C(45.59%) H(9.12%) 
N(8.18%) O(9.34%) P(9.04%) S(18.72%) 


Molar Volume = 316.8 + 3.0 cm* 
Index of Refraction = 1.506 + 0.02 


Parachor = 788.5 + 4.0 cm’ 
Surface Tension = 38.3 + 3.0 dyne/em 


Density = 1.081 + 0.06 g/cm* 


Polarizability = 37.36 + 0.5 10°“cm* 


Monoisotopic Mass = 342.156454 Da 
Average Mass = 342.5012 Da 
M- = 342.157003 Da 


Nominal Mas 342 Da 
M+ = 342.155906 Da 
[M+H]+ = 343.163731 Da 


[M+H]- = 343.164828 Da 


[M-H]+ = 341.148081 Da 


[M-H]- = 341.149178 Da 


13H,8-11H2,1-7H3 


Smiles: 


| CC(C)OP(=O(CC)SC(SCCN(C)C)CN(C)C 
InChI = 1S/C13H31N202PS2/c1-8-18(16,17- 
12(2)3)20-13(1 1-15(6)7)19-10-9-14(4)5/h12- 


Lunifunstog is an experimental deadly V agent that forms a colorless oily liquid with toxicity very similar to VX; 
however, it may be an excellent replacement for VX, as it is much more volatile then VX yet with the same 
stability to moisture and wet environments, and hence can be used as a "migrating" nerve agent meaning it will 
linger in the environment for up to 7 to 10 days, and then volatize, mixing with the air and being carried airborne 
for undetermined amounts of time before condensing and thereby contaminating a whole completely different 
area/environment, and so on and so on. Lunifunstog is very stable to chemical attack and is not at all affected by 
moisture or wet environments. The agent is only slightly soluble in water forming up to 4.8% solution by weight; 
these solutions can linger in the environment for days and even weeks. The water solution is estimated to be stable 
for up to 6 months. In dry and mild to non-moisture environments, the agent can linger for up to a week, before 
volatizing and becoming airborne, and then "migrating" as previously discussed. Lunifunstog has a boiling point of 
301 Celsius at 647mm of mercury, or 261 Celsius at 202mm of mercury, or 201 Celsius at 13mm of mercury, with 
a melting point of only -6 Celsius. Due to its high melting point, it will freeze in very cold climates, rendering it 
useless. The agent is soluble in methylene chloride, ether, THF, DMF, with moderate solubility in hexane, ethyl 
acetate, and DMSO. Little data exists on this agent, much of it being translated from German and Russian to 
English, but estimated LDs» through inhalation in rabbits may be as low as 0.00048mg per/Kg, and the lethal dose 
in man through inhalation may be as low as 0.0098mg. Lunifunstog is rapidly absorbed by the skin and eyes, 
leading to cholinesterase poisoning. The minimum threshold through skin absorption may be as low a 0.98mg. The 
agent can also readily penetrate clothing, and then thereby coming in contact with the skin. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9.8 


Field Stability: 9.9 in moist environments; 10 
in dry environments 


Persistence (open area): (estimated to be at 
least 9.8) 


Storage stability: 10 (when kept dry; 
estimated using practical chemical structure 
properties), 


Persistence (enclosed area): N/A (insufficient 
data, but at least 9.9) 


Toxicity (as nerve agent): Inhalation: N/A 
(estimated to be at least 9.8; skin absorption: 
N/A (calculations have estimated it to be 
highly and rapidly absorbed through the 
skin, and clothing; as with Khunstiger it 
produces no irritation and resembles sweat, 
so exposed personnel will be unaware of any 
contamination; eye absorption: N/A; 
ingestion: N/A 
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O-propan-2-yl ethylphosphonothioate 
2,2'-sulfanediylbis(N, N-dimethylethanamine) 


First, into a clean beaker equipped with motorized stirrer, pour in 450 milliliters of dry benzene, and then add in 
all at once, 29 grams of clean fresh metallic sodium, and then turn on the motorized stirrer, and blend this mixture 
on moderate speed for 30 minutes to form a uniform suspension. After 30 minutes, quickly transfer this suspension 
mixture into a standard reflux apparatus, equipped with addition funnel, motorized stirrer, thermometer, and bulb 
reflux condenser. Thereafter, turn on the heating mantle, turn on the motorized stirrer, and then bring the 
temperature of this benzene/sodium mixture to reflux at 80 Celsius. Now, before the mixture reaches reflux (around 
60 Celsius), add to the addition funnel, a solution of 131 grams of 2-(dimethylamino)- 1-{[2- 
(dimethylamino)ethy]]sulfanyljethanethiol in 600 milliliters of dry benzene, and then add this reagent/benzene 
to the benzene/sodium suspension within a time period of about 10 minutes, and then close the stopcock to the 
addition funnel, and allow this now new reaction mixture to reflux at 80 Celsius for about 4 hours under rapid 
stirring. After 4 hours, reduce the temperature of the reaction mixture to 30 Celsius while continuing to rapidly stir 
the reaction mixture. Once the reflux has stopped, and the temperature of the reaction mixture has cooled to around 
30 Celsius, add in, all at once, 50 grams of pyridine (through the top of the bulb reflux condenser), stir for 15 
minutes, and immediately thereafter, slowly add in, in small portions at a time (through the top of the bulb reflux 
condenser) 107 grams of propan-2-yl-ethylphosphonochloridate, and then continue to heat the reaction mixture 
at 30 Celsius under rapid stirring for 2 hours. After 2 hours, turn off the heating mantle, and allow the reaction 
mixture to cool to room temperature. Once it has, turn off the motorized stirrer, and then disassemble the apparatus, 
and then filter-off the insoluble by-products (mostly pyridine hydrochloride, and some residue), using a Buchner 
funnel, under moderate suction, and then collect the filtered reaction mixture, and pour it into a rotary evaporator, 


and evaporate-off the benzene at 60 Celsius under high vacuum until no more benzene passes over or is collected. 
Once no more benzene is collected, turn off the rotary evaporator, and collect the left over oily residue, and then 
pour this left over oily residue into a beaker filled with 1500 milliliters of ice water, and then stir mechanically for 
30 minutes. After 30 minutes decant-off the upper water layer, and then dry the lower product layer by adding to it 
75 grams of anhydrous sodium carbonate, stir for 45 minutes (to absorb moisture), and then filter off the sodium 
carbonate using a clean Buchner funnel under rapid suction, and then collect the filtered dried product layer, and 
pour it into a vacuum distillation apparatus, and vacuum distill at 201 Celsius at 13mm of mercury until no more 
desired product passes over or is collected. Once no more desired product of Lunifunstog passes over or is 

collected, stop the vacuum distillation process, equalize the pressure in the usual manner, and then collect the 
desired product and store in a clean glass shatter proof container in a cool dry place until use. 


18. Khanfluorstock; NGV-12; $-[3-(dimethylamino)propyl] 
{[bis(chloromethyl)amino]}methy]}methylphosphoramidofluoridothioate 
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Molecular Formula = CoH21ClFN3OPS Formula Weight = 340.2257052 
Composition =C(31.77%) H(6.22%) Molar Refractivity = 79.64 + 0.3 cm? 


Cl(20.84%) F(5.58%) N(12.35%) 
O(4.70%) P(Y.10%) S(9.42%) 


Molar Volume = 265.1 + 3.0 cm” Parachor = 676.4 + 4.0 cm* 
Index of Refraction = 1.512 + 0.02 Surface Tension = 42.3 + 3.0 dyne/cem 
Density = 1.282 + 0.06 g/cm’ Polarizability = 31.57 + 0.5 10™ cm’ 
Monoisotopic Mass = 339.050402 Da Nominal Mass = 339 Da 
Average Mass = 340.2257 Da M+ = 339.049853 Da 
M- = 339.050951 Da [M+H]+ = 340.057678 Da 
[M+H]- = 340.058776 Da [M-H]+ = 338.042028 Da 
[M-H]- = 338.043125 Da Smiles: 


CN(C)CCCSP(=O0)(F)N(C)CN(CCICCI 


InChI = 1S/C9H21CI12FN30PS/cl- 
13(2)5-4-6-18-17(12,16)14(3)9-15(7- 
10)8-11/h4-9H2, 1-3H3 


Khanfluorstock is a NGV agent with deadly nerve agent properties, along with blister agent properties. The agent 
forms a brownish colored syrupy oily liquid with a boiling point of 311 Celsius at 500mm of mercury, or 241 
Celsius at 100mm of mercury, or 209 Celsius at 47mm of mercury, with a melting point of -12 Celsius. It is only 
moderately soluble in water up to 9.5% by weight from which it slowly hydrolyzes over time. Khanfluorstock is 
soluble in ether, THF, methylene chloride, DMF, with moderate solubility in hexane, DMSO, and carbon disulfide. 
Khanfluorstock is a very fascinating and interesting "double" chemical warfare agent, which poses the lethal 
cholinesterase inhibiting properties of a nerve agent, and the blistering properties of a blister agent of the nitrogen 
mustard class. The agent on the skin produces no irritation; so exposed personnel will completely be unaware of 
any contamination, so exposure to non-lethal amounts will result in violent and painful blisters within 4 to 6 days 
afler exposure. Note: obviously, personnel exposed to lethal amounts will be dead before the vesicant properties of 
the agent can take place. Khanfluorstock can persist in wet and moist environments for up to 3 weeks, and it can 
persist in dry environments for up to 3 months, with moderate volatization making the agent airborne in lethal 
amounts. The LDso through inhalation in pigs was estimated to be around 0.0138mg per/Kg, and the lethal dose in 
man through inhalation has been estimated to be as low as 0.099mg. Khanfluorstock in lethal amounts is a very 
rapid and fast acting casualty producing agent capable of producing casualties within minutes of dissemination. 
Contamination of non-lethal amounts of the agent is a delayed action vesicant forming blisters on exposed 
personnel after delayed periods of time. An agent like this is really hard to categorize as it has both nerve agent and 
blister agent properties making it difficult to know when to use on the battlefield, but would make a perfect agent 
for terrorist attacks, as either used in lethal or non-lethal amounts it can produce severe casualties. Inhalation of 
non-lethal amounts can produce excruciating and painful blisters in the lungs leading to bleeding and eventually 
death as the exposed personnel will drown in their own blood. Khanfluorstock has yet to be classified by the UN or 
NATO for designation and treaties, and hence there are no international laws or rules regarding its manufacture or 
stockpiling. Note: some common gas masks failed testing when exposed to this agent! 


OVERALL RATING (scale from 1 to 10) 
effectiveness (as nerve agent): 9 Field Stability: 7.7 in moist environments 
(half life: 75 hours); 9.8 in dry environments 
Persistence (open area): 8.9 Storage stability: 9.5 (when kept dry; may 
incur moderate polymerization after periods 

of over 25 years) 
Persistence (enclosed area): 9.6 Toxicity (as nerve agent): Inhalation: 9; skin 
absorption: 4.2; however even small amounts 
on skin can develop vesicant like blisters and 
is rapidly absorbed through clothing; the 
liquid or vapor on the skin produces no 
irritation and resembles sweat, so exposed 
personnel will be unaware of any 
contamination; eye absorption: 8.9; 
ingestion: 3.8 (victims will undergo 
convulsions, nausea followed by violent 
vomiting when ingested) 
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S-[3-(dimethylamino)propyl] {[bis(chloromethyl)amino] 
methyl}methylphosphoramidofluoridothioate 


Into an apparatus as known in the prior art, pour into the first addition funnel a solution prepared by adding and 
dissolving 184 grams of 3-(dimethylamino)propane-1-thiol into 500 milliliters of dry THF, and then into the 
second addition funnel, pour in a solution prepared by adding and dissolving 242 grams of N,N- 
bis(chloromethy])-N'-methylmethanediamine into 500 milliliters of dry THF. Then pour into the reaction flask, 
211 grams of phosphoryl dichlorofluoride, followed by 242 grams of pyridine, and then followed by 500 
milliliters of dry THF. Thereafter, by means of the dry ice/acetone bath (30% dry ice/70% acetone), chill the 
ingredients in the reaction flask to -20 Celsius. Once the ingredients in the reaction flask reach —20 Celsius, turn on 
the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the 3- 
(dimethylamino)propane-1-thiol/THF mixture, and the V,N-bis(chloromethyl)-N'-methylmethanediamine/THF 
solution from the addition funnels, to the reaction mixture, while rapidly blending the reaction mixture and 
maintaining its temperature around —20 Celsius at all times. Once all the 3-(dimethylamino)propane-1-thiol/THF 
mixture, and the N,N-bis(chloromethyl)-N'-methylmethanediamine/THF solutions have been added from the 
addition funnels (note: make sure to add both solutions from the addition funnels at a rate so that both solutions are 
added at the same time), continue to stir the reaction mixture at a temperature around —10 to 5 Celsius for 4 hours. 
After 4 hours, remove the dry ice/acetone bath and allow the reaction mixture to warm to room temperature. Note: 
continue to rapidly blend the reaction mixture during the warming period. Once the reaction mixture has warmed to 
room temperature, disassemble the apparatus, and then filter-off the insoluble by-product of pyridine hydrochloride 


using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of fresh THF, and then 
pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of 
anhydrous sodium sulfate, blend for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using 
a clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, 
and evaporate-off the THF at 50 Celsius under moderate vacuum until no more THF is collected. Once this point is 
achieved, take the remaining left over reaction mixture (now free from THF), and place into a clean vacuum 
distillation apparatus, and vacuum distill at 209 Celsius at 47mm of mercury until no more oily liquid product is 
collected. Once no more desired oily product is collected, turn off the vacuum, equalize the pressure, and then 
recover the oily liquid desired product from the receiver flask, and store it in a glass shatter-proof container in a 
cool dry place until use. 


19. Vilhustkin; S-F109; [1-(dimethylamino)propan-2-yl][2- 
(methylsulfanyl)ethyl]phosphinic fluoride 


CH, 
Sorts 
: | CH—CH, 
2 
iS N—CH, 
fs 
F H3C 


Molecular Formula = CsHioFNOPS 
Composition =C(42.28%) H(8.43%) 
F(8.36%) N(6.16%) O(7.04%) 
P(13.63%) S(14.11%) 


Formula Weight = 227.2797252 
Molar Refractivily = 57.82 + 0.3 
cm” 


Molar Volume = 211.7 + 3.0 cm" 


Parachor = 505.7 + 4.0 cm* 


Index of Refraction = 1.458 + 0.02 


Surface Tension = 32.5 + 3.0 
dyne/cem 


Density = 1.073 + 0.06 g/em* 


Polarizability = 22.92 + 0.5 10°“em? 


Nominal Mass = 227 Da 
M+ = 227.09035 Da 
[M+H]+ = 228.098175 Da 
[M-H]+ = 226.082525 Da 
Smiles: 
FP(=O0)(CCSC)C(C)CN(C)C 


Monoisotopic Mass = 227.090898 Da 
Average Mass = 227.2797 Da 
M- = 227.091447 Da 
[M+H]- = 228.099272 Da 


[M-H]- = 226.083622 Da 


InChI = 1S/C8H19FNOPS/c1-8(7- 
10(2)3)12(9,11)5-6-13-4/h8H,5- 
TH2, 1-43 


Vilhustkin is an § agent, which forms a highly volatile oily liquid with a boiling point of 243 Celsius at 400mm of 
mercury, or 197 Celsius at 65mm of mercury, with a melting point of —37 Celsius. The liquid is only slightly 
soluble in water forming a 3.8% solution by weight, with hydrolyses of the fluorine atom slowly. Vilhustkin is 
soluble in methylene chloride, chloroform, 99% ethanol, THF, DMF, with moderate solubility in carbon disulfide, 
ethyl acetate acetonitrile, liquid ammonia (from which it forms an unknown compound), and concentrated sulfuric 
acid forming salts. The agent is decomposed by hot strong alkali base producing non-toxic products; however, it is 
chemically inert to most other decontamination agents such as bleach or bleaching powder from which it does not 
react in the cold, but forms the deadly gas cyanogen when treated with bleaching powder when hot. Vilhustkin has 
the properties of a "migrating" nerve agent, but it's half life towards moisture is to low to have any real migrating 
effect. Nevertheless it can persist in wet environments for up to 3 to 5 days, moist environments (high humidity) for 
up to 7 to 9 days, and in warm dry climates it can persist for up 30 days: however, Vilhustkin is highly volatile, and 


will most likely volatize becoming airborne within days of its dissemination making decontamination almost 
impossible. When mixed with moist air, the agent can persist for up to 6 to 7 days depending on environmental 
temperatures. When airborne in hot dry climates, it can remain airborne for up to 12 to 15 days, and it can be swept 
away with the lightest breeze, forcing it into another area/environment, condense, contaminating said environment, 
then re-volatizing becoming airborne once again, and so on and so on, making it a very useful "migrating" nerve 
agent; however, its overall persistence in any environment is no more then 70 days before it is either absorbed into 
the ground and decomposed, or decomposed by hydrolyses, thus making Vilhustkin a short lived, yet fast acting 

and casualty producing nerve agent. It should be known that the liquid or vapor is rapidly absorbed through 
clothing, and rapidly absorbed through the skin producing a wide variety of medical ailments (many have yet to be 
published), but when absorbed through the skin it reacts with various biological pathways, where-by its 
cholinesterase inhibiting properties are eliminated, yet it's gives way to a wide variety of medical disabilities that 
are long term medical conditions, the most common ailments being excessively un-immune and easily susceptible 

to catching diphtheria, botulism, and amebic dysentery. Another common medical ailment that it has is long term 
IBS, severe anxiety attacks, ulcerative colitis, and high blood pressure. The cholinesterase inhibiting toxicity LDso 
through inhalation in rabbits is around 0.198mg/Kg, and the lethal dose in man through inhalation may be as low as 
0.141mg. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 7.9 Field Stability: 7.4 in moist environments 
(half life: 41 hours); 9.1 in dry environments 
Persistence (open area): 8.5 Storage stability: 9.5 (when kept dry; may 


incur moderate polymerization after periods 

of over 40 years) 

Persistence (enclosed area): 9 Toxicity (as nerve agent): Inhalation: 8.5; 
skin absorption: 6.7; however even though 
listed as 6.7, small amounts can rapidly be 

absorbed through clothing; the liquid or 
vapor on the skin produces no irritation and 
resembles sweat, so exposed personnel will be 
unaware of any contamination, this 
contamination 92% of the time will not 
produce cholinesterase inhibiting poisoning, 
but will lead to chronic long term medical 
ailments and many other medical ailments 
which can last for years; eye absorption: 8; 
ingestion: 3.1 (victims will undergo 
convulsions, nausea followed by violent 


vomiting when ingested) 
WARNING! 


WARNING! 
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[1-(dimethylamino)propan-2-yl] 
[2-(methylsulfanyl)ethy!]phosphinic fluoride 


Step 1: Preparation of phosphoryl disodium fluoride 


Into a 3-neck flask sitting in a dry ice/acetone bath (30% dry ice/70% acetone), and fitted with a motorized stirrer, 
thermometer, addition funnel, and bulb condenser, pour in 750 milliliters of pure dry toluene, turn on the 
motorized stirrer, and then from the top of the bulb condenser, begin to add in | gram pieces at a time, 128 grams 
of pure freshly cut metallic sodium while vigorously stirring the toluene. Once all the metallic sodium has been 
added, continue to stir the toluene/sodium mixture for 15 minutes at -20 Celsius. Thereafter, into the addition 
funnel, pour in a solution prepared by adding and dissolving 213 grams of phosphoryl dichlorofluoride into 750 
milliliters of fresh diethyl ether. Thereafter, while rapidly stirring the toluene/sodium suspension, begin to slowly 
add, drop by drop, the phosphoryl dichlorofluoride/ether mixture from the addition funnel into the toluene/sodium 
suspension while maintaining the temperature of the reaction mixture at —20 Celsius at all times. Once all the 
phosphoryl dichlorofluoride/ether has been added, continue to stir the reaction mixture at —20 Celsius for 1 hour. 
After | hour, remove the dry ice/acetone bath, and allow the reaction mixture to warm to room temperature. Note: 
during this warm up period, continue to rapidly stir the reaction mixture. Now, once the reaction mixture has 
warmed to room temperature, place the 3-neck reaction flask into a suitable sized heating mantle, and then turn on 
the heating mantle to 110 Celsius, and bring the reaction mixture to reflux while stirring. Continue to reflux the 
reaction mixture under rapid stirring for about 45 minutes. After 45 minutes, turn off the heating mantle, and allow 
the reaction mixture to cool to room temperature. Note: as usual, continue to stir the reaction mixture during the 
cool down period. Once the reaction mixture has cooled to room temperature, turn off the motorized stirrer, and 
disassemble the apparatus, and then pour the entire reaction mixture into a vacuum distillation apparatus, or 
preferably a rotary evaporator, and remove the ether and toluene under high vacuum at a temperature of 90 Celsius. 
When no more ether and toluene passes over or is collected, and a left over icky residue remains, turn off the 
heating, turn off the vacuum, equalize the pressure, and then recover the icky left over residue once it has cooled to 
room temperature, and then store this icky collected residue in a nickel container (do not use glass) stored in a 
desiccator over sodium hydride until use for step 2. 


Step 2: Preparation of Vilhustkin 


Into an apparatus as known in the prior art. pour into the first addition funnel a solution prepared by adding and 
dissolving 124 grams of 2-chloro-N,N-dimethylpropan-l-amine into 650 milliliters of dry THF, and then into the 
second addition funnel, pour in a solution prepared by adding and dissolving 113 grams of 2-chloroethyl methyl 
sulfide into 600 milliliters of dry THF. Then pour into the reaction flask 600 milliliters of dry THF, and then add 
in the icky residue containing phosphoryl disodium fluoride (prepared in step 1). Thereafter, by means of a dry 
ice/acetone bath (30% dry ice/70% acetone), chill the ingredients in the reaction flask to —20 Celsius. Once the 
ingredients in the reaction flask reach —20 Celsius, turn on the motorized stirrer on high speed and blend for 15 
minutes. After 15 minutes, begin to add, slowly, both the 2-chloro-N,N-dimethylpropan- 1-amine/THF solution and 
the 2-chloroethyl methyl sulfide/THF solution from the addition funnels, to the reaction mixture, while rapidly 
blending the reaction mixture and maintaining its temperature around —20 Celsius at all times (note: make sure to 
add both solutions from the addition funnels at a rate so that both solutions are added at the same time). Once all 
the 2-chloro-N,N-dimethylpropan-1-amine/THF solution, and the 2-chloroethyl methyl sulfide/THF solutions have 
been added from the addition funnels continue to stir the reaction mixture at a temperature around —10 to 5 Celsius 
for 4 hours. After 4 hours, remove the dry ice/acetone bath and allow the reaction mixture to warm to room 
temperature, Note: continue to rapidly blend the reaction mixture during the warming period. Once the reaction 
mixture has warmed to room temperature, disassemble the apparatus, and then filter-off the insoluble by-product of 
sodium chloride using a Buchner funnel under moderate suction, wash with two 250-milliliter portions of fresh 
THF, and then pour the filtered reaction mixture into a clean beaker equipped with motorized stirrer, add in 50 
grams of anhydrous sodium sulfate, blend for 45 minutes (to absorb any moisture), then filter-off the sodium 
sulfate using a clean Buchner funnel under strong suction. Now, pour this filtered dried reaction mixture into a 
rotary evaporator, and evaporate-off the THF at 50 Celsius under moderate vacuum until no more THF is collected. 
Once this point is achieved, take the remaining left over reaction mixture (now free from THF), and place into a 
clean vacuum distillation apparatus, and vacuum distill at 197 Celsius at 65mm of mercury until no more oily liquid 
product is collected. Once no more desired oily product is collected, turn off the vacuum, equalize the pressure, and 
then recover the oily liquid desired product from the receiver flask, and store it in a glass shatter-proof container in 
a cool dry place until use. 


20. NPF-S12; Actinkinlum; 5-fluoro-1,3,5-dithiaphosphinane-5-oxide 


CH,—-S 
OS 
pO 
CH,—S 
Molecular Formula = C3;HeFOPS» Formula Weight = 172.1813052 
Composition =C(20.93%) H(3.51%) Molar Refractivity = 36.77 + 0.4 
F(11.03%) O(9.29%) P(17.99%) cm 
S(37.25%) 
Molar Volume = 119.0 + 5.0 cm’ Parachor = 305.7 + 6.0 cm* 
Index of Retraction = 1.529 + 0.03 Surface Tension = 43.4 + 5.0 
dyne/cm 
Density = 1.44 + 0.1 g/em* Polarizability = 14.57 + 0.5 10cm? 
Monoisotopic Mass = 171.958169 Da Nominal Mass = 172 Da 
Average Mass = 172.1813 Da M+ = 171.95762 Da 
M- = 171.958718 Da [M+H]+ = 172.965445 Da 
[M+H]- = 172.966543 Da [M-H]+ = 170.949795 Da 
[M-H]- = 170.950893 Da Smiles: FP1(=O)CSCSC1 
InChI = 1S/C3H6FOPS2/c4-6(5)1-7- 
3-8-2-6/h1 -3H2 


Actinkinlum is a NPF agent that is an effective cholinesterase inhibiting nerve agent, which forms a colorless 
volatile, yet oily syrupy liquid with a boiling point of 147 Celsius at 550mm of mercury, or 91 Celsius at 72mm of 
mercury, and a melting point of —71 Celsius. Actinkinlum is an effective nerve agent that volatizes rapidly, and 
hence becomes airborne from which it can stay for days depending on wind, and other weather conditions. In wet 
conditions, the agent can persists for only a few days due to hydrolyses, but it can persist in dry environments for 

up to a week depending on temperature as spoken before, the agent is rapidly volatile. When mixed with nitrogen 
mustards (ratio 1 to 1), Actinkinlum loses its volatility, and hence can persist in wet environments for up to 9 days, 
and in dry enviornments for up to 21 days. These blister agent/Actinkinlum nerve agent mixtures act in the usual 
manner, and can go undetected until contamination of the soldier is too late. The blister agent/Actinkinlum 

mixtures become much more readily absorbed through clothing and then skin, causing vesicant lesions, that 

actually contain fluids of the Actinkinlum inside the blisters, which can then be readily absorbed into the body 
within 36 to 48 hours causing cholinesterase poisoning. 64% of the cholinesterase poisoning is usually non fatal, 

but can produce a wide variety of medical conditions and ailments, many of which can last for years (see Gulf War 
Syndrome), Actinkinlum has an LDso through inhalation in rats of 0.098mg/Kg, but the lethal dose through 
inhalation in man may be as low as 0.1919mg. Actinkinlum is a fast acting casualty producing agent capable of 
producing casualties within hours of contamination, the severity of contamination will vary depending on quantity, 
and as briefly mentioned, exposure to non-lethal concentrations can lead to a wide variety of medical aliments, and 
exposure to lethal amounts can cause death within 12 hours. Note: Actinkinlum in German and Russian tests 
have demonstrated a moderate resistance to the common nerve agent antidotes such as 2-PAM chloride and 
atropine, and others. These test results are disturbing and make Actinkinlum a WMD, as it can contaminate 
huge areas, become airborne and cause massive casualties if released in dense populated areas; however, the 
UN has no act or treaties on its manufacture, as of 2012. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8.2 Field Stability: 5.5 in moist environments 
(half life: 29 hours); 9.2 in dry environments 
Persistence (open area): 7.1 Storage stability: 9 (when kept dry; may 


incur moderate polymerization after periods 
of over 12 years--can be stabilized by adding 
to it 2.5% tetraethylamonium chloride, 
which makes is stable for up to 65 years) 
Persistence (enclosed area): 9.2 Toxicity (as nerve agent): Inhalation: 8.5; 
skin absorption: 3.1; eye absorption: 7.9; 
ingestion: 3.5 (victims will undergo 
convulsions, nausea followed by violent 
vomiting when ingested) 
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az 
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WARNING! WARNING! REACTIVE 
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5-fluoro-1 ,3,5-dithiaphosphinane 5-oxide 


Into a 3-neck flask equipped with addition funnel, motorized stirrer, thermometer, and bulb condenser, and fitted 
inside a dry ice bath (30% dryice/70% acetone), add 650 milliliters of THF, followed by the icky residue 
containing phosphoryl disodium fluoride and sodium chloride (prepared in Vilhustkin, step 1, 341 total grams). 
Thereafter, pour into the addition funnel a solution prepared by adding and dissolving 180 grams of 
chloro({[(chloromethyl)sulfanyl ]methyl}sulfanyl)methane into 750 milliliters of dry THF, Thereafter, by 
means of the dry ice/acetone bath, chill the ingredients in the reaction flask to -20 Celsius. Once the ingredients in 
the reaction flask reach —20 Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 
minutes, begin to add, slowly, the chloro( {[(chloromethyl)sulfanyl]methyl } sulfanyl)methane/THF solution from 
the addition funnel, to the reaction mixture, while rapidly blending the reaction mixture and maintaining its 
temperature around —20 Celsius at all times. Once all the 

chloro({ [(chloromethyl)sul fanyl]methy] } sulfanyl)methane/THF solution has been added from the addition funnel 
continue to stir the reaction mixture at a temperature around —10 to 5 Celsius for 4 hours. After 4 hours, remove the 
dry ice/acetone bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend 
the reaction mixture during the warming period. Once the reaction mixture has warmed to room temperature, 
disassemble the apparatus, and then filter-off the insoluble by-product of sodium chloride using a Buchner funnel 
under moderate suction, wash with two 250-milliliter portions of fresh THF, and then pour the filtered reaction 
mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend 
for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using a clean Buchner funnel under 
strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the THF at 
50 Celsius under moderate yacuum until no more THF is collected. Once this point is achieved, take the remaining 
left over reaction mixture (now free from THF), and place into a clean vacuum distillation apparatus, and vacuum 
distill at 91 Celsius at 72mm of mercury until no more oily liquid product is collected. Once no more desired oily 
product is collected, turn off the vacuum, equalize the pressure, and then recover the oily liquid desired product 
from the receiver flask, and store it in a glass shatter-proof container in a cool dry place until use. 


21. Clonstunem; CLA-09; [3,3-bis(dimethylamino)propyl]propan-2-ylphosphinic 
fluoride 


CH, 
H3C é CH 
a 3 
\ 
CH—N 
CH,—CH, CH, 
Fo / 
Po CH, 
cH 
~ 4 
CH; 


Molecular Formula = C)yH24FN2OP Formula Weight = 238.2825252 
Composition =C(50.41%) H(10.15%) Molar Retractivity = 62.77 + 0.3 


F(7.97%) N(11.76%) O(6.71%) cm” 
P(13.00%) 
Molar Volume = 238.4 + 3.0 cm> Parachor = 557.7 + 4.0 cm? 
Index of Refraction = 1.439 + 0.02 Surface Tension = 29.9 + 3.0 
| dyne/em 7 
Density = 0.999 + 0.06 g/cm? Polarizability = 24.88 + 0.5 10cm? 
Monoisotopic Mass = 238.161028 Da Nominal Mass = 238 Da 
Average Mass = 238.2825 Da M+ = 238.160479 Da 
M- = 238.161576 Da [M+H]+ = 239.168304 Da 
[M+H]- = 239.169401 Da [M-H]+ = 237.152654 Da 
[M-H]- = 237.153751 Da Smiles: 


CN(C)C(CCP(F)(SO)C(CHCHN(C)C 


InChI = 18/C10H24FN20P/c1 - 
9(2)15(11,14)8-7- 
10(12(3)4)13(5)6/h9-10H,7-8H2,1- 
6H3 


Clonstunem is an experimental S agent, which forms a lightly orange oily liquid, with a slight fishy odor. The agent 
has a boiling point of 159 Celsius at 400mm of mercury, or 102 Celsius at 18mm of mercury, and a melting point 
of 42 Celsius. Clonstunem has moderate volatility, and can remain airborne for days; hence it's a high-risk 
inhalation hazard. The agent can persist in wet and moist environments for up to 9 days (half life: 79 hours at 
moderate temperature), and it is soluble in water up to 5.9% by weight. These solutions can persist for days without 
any appreciable hydrolyses of the fluorine atom. In dry environments, the agent can persist for up to 40 days 
without any appreciable decomposition, however, its moderate volatility will make it airborne, and hence 57% of 
the agent will be airborne, and the remaining will remain in the environment as droplets forming like dew on a 
misty morning, which can last for days; thereafter, the liquid portion will volatize and become airborne, while the 
previous airborne agent can condense and form liquid droplets like dew on a misty morning; hence the agent makes 
for the perfect nerve agent when used in almost any environment, as it's airborne portion can cause rapid casualties, 
and its droplet form can cause both inhalation hazard as well as a contact hazard, as the agent is rapidly absorbed 
through clothing, and the skin. Clonstunem is difficult to decontaminate, as it becomes airborne-condenses- 
volatizes, ect., ect., and it can only be decontaminated by hot alkali hydroxide and hot permanganate solution. 
Activated carbon, will only absorb 91% of the agent, so some lower end military gas masks will not provide 100% 
protection. As with many nerve agents, exposure to non-lethal amounts of the agent can lead to chronic and wide 
spread medical problems, many of which can last for years. Exposure to lethal concentrations of the agent can lead 
to death in 24 hours after exposure. Clonstunem is a fast acting cholinesterase inhibiting nerve agent capable of 
causing casualties within minutes of exposure--it can also be mixed with vesicants or irritants for a wide variety of 
additional effects. The lethal dose in man may be as low as 0.099mg through inhalation. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 8.6 Field Stability: 7.3 in moist environments; 9.8 
in dry environments 
Persistence (open area): 8 Storage stability: 9.7 (when kept dry) 
Persistence (enclosed area): 9.5 Toxicity (as nerve agent): Inhalation: 9.2; 


skin absorption: 7.1; eye absorption: 8.1; 
ingestion: 6 (victims may undergo 
convulsions, nausea followed by violent 
vomiting when ingested, but enough agent to 
cause cholinesterase poisoning might be 
absorbed through the stomach before 
vomiting is induced) 


WARNING! 
POTENT EYE 
ABSORPTION 


REACTIVE 


Only slowly hydrolyzed by water 


PREPARATION I: 


cl__ THF 
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HsC_ LN 
. “cH; 
‘i | 
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stir ee 
H3c—N * on, 
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CH,CH CH 
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H3C-HC 
CH; 


[3,3-bis(dimethylamino)propy|]propan-2-ylphosphinic fluoride 


Into an apparatus as known in the prior art, pour into the first addition funnel a solution prepared by adding and 
dissolving 167 grams of 3-chloro-N.N,N' N'-tetramethylpropane-1,1-diamine into 850 milliliters of dry THF, 
and then into the second addition funnel, pour in a solution prepared by adding and dissolving 80 grams of 2- 
chloropropane into 500 milliliters of dry THF. Then pour into the reaction flask, 900 milliliters of dry THF, and 
then add in the icky residue containing phosphoryl disodium fluoride and sodium chloride (prepared in Vilhustkin, 
step 1; 341 total grams). Thereafter, by means of a dry ice/acetone bath (30% dry ice/70% acetone), chill the 
ingredients in the reaction flask to —20 Celsius. Once the ingredients in the reaction flask reach -20 Celsius, turn on 
the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, both the 3- 
chloro-N,N,M' N'-tetramethylpropane-1,1-diamine/THF solution and the 2-chloropropane/THF solution from the 
addition funnels, to the reaction mixture, while rapidly blending the reaction mixture and maintaining its 
temperature around —20 Celsius at all times (note: make sure to add both solutions from the addition funnels at a 
rate so that both solutions are added at the same time). Once all the 3-chloro-N,N,N'.N -tetramethylpropane- |, 1- 
diamine/THF solution, and the 2-chloropropane/THF solutions have been added from the addition funnels continue 
to stir the reaction mixture at a temperature around -10 to 5 Celsius for 4 hours. After 4 hours, remove the dry 
ice/acetone bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the 
reaction mixture during the warming period. Once the reaction mixture has warmed to room temperature, 
disassemble the apparatus, and then filter-off the insoluble by-product of sodium chloride using a Buchner funnel 
under moderate suction, wash with two 250-milliliter portions of fresh THF, and then pour the filtered reaction 
mixture into a clean beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend 
for 45 minutes (to absorb any moisture), then filter-off the sodium sulfate using a clean Buchner funnel under 

strong suction. Now, pour this filtered dried reaction mixture into a rotary evaporator, and evaporate-off the THF at 
50 Celsius under moderate vacuum until no more THF is collected. Once this point is achieved, take the remaining 
left over reaction mixture (now free from THF), and place into a clean vacuum distillation apparatus, and vacuum 
distill at 102 Celsius at 18mm of mercury until no more oily liquid product is collected, Once no more desired oily 
product is collected, turn off the vacuum, equalize the pressure, and then recover the oily liquid desired product 
from the receiver flask, and store it ina glass shatter-proof container in a cool dry place until use. 


22. Acutainious-XG; XG3; 3-[(2-butyl-2-fluoro-1-nitrilo-2-oxido-14°,2A°-diphosphan- 
1-yloxy]-N,N-dimethylpropan-1-amine 


CH; fe) 
| CH, CH, 


Molecular Formula = CoH2i:FN202P2 


Formula Weight = 270.2211672 


Composition =C(40.00%) H(7.83%) 
F(7.03%) N(10.37%) O(1 1.84%) 
P(22.92%) 


Molar Refractivity = 78.091 + 0.3 
a 
cm 


Molar Volume = 381.004 + 3.0 cm* 


Parachor = 809.718 + 4.0 em? 


Index of Refraction = 1.926 + 0.02 


Density = 1.985 + 0.06 g/cm* 


Surface Tension = 30.51 + 3.0 
dyne/em 
Polarizability = 19.12 + 0.5 10cm? 


Monoisotopic Mass = 270. 106228 Da 


Nominal Mass = 270 Da 


Average Mass = 270.2212 Da 
M- = 270.106777 Da 


M+ = 270.10568 Da 
[M+H]+ = 271.113505 Da 


[M+H]- = 271.114602 Da 


[M-H]+ = 269.097854 Da 


[M-H]- = 269.098952 Da 


Smiles: 


O=P(F)(CCCC)P(#N OCCCN(C)C 


InChI = 1S/C9H21FN202P2/c1-4-5- 
9-16(10,13)15(11)14-8-6-7-12(2)3/h4- 
9H2,1-3H3 


Acutainious-XG is an experimental XG agent that is a very interesting substance never before seen until 2009, 
when Chinese information on its preparation surfaced. The agent forms a light lemon-yellow to lemon-white 
crystalline powder, that decomposes when heated to 301 Celsius, and sublimes when heated to 287 Celsius, with a 
melting point of 197 Celsius. Strong rapid heating can lead to violent decomposition evolving toxic fumes of 
cyanogen and fluorine gas, Acutainious-XG is insoluble in water, and when added to water, it merely sinks to the 
bottom with little or no undo reaction for 12 hours, whereby hydrolyses slowly begins of the fluorine atom (no 
increase in heat); hence the agent is only very slowly water reactive. The agent is soluble in DMF and acetone with 
moderate solubility in ethyl acetate, but insoluble in methylene chloride, hexane, and toluene. Acutainious-XG is a 
highly toxic neurotoxin that attacks the Central nerve system, and induces severe cholinesterase poisoning. leading 
to death in a very short period of time when the lethal dose is inhaled or ingested. The only draw back to 
Acutainious-XG, is the fact that it is a high melting solid, and its primary mode of dissemination would have to be 
through aerosol or smoke methods. Even then, the agent will eventually stop being airborne, and the tiny particles 
of the agent will settle onto leaves, branches, bushes, trees, concrete, metal, and any other known material, thereby 
making it much less toxic as even when touched with bare skin, the agent is hardly absorbed at any concentration 
not even enough to induce non-lethal incapacitation; therefore this agent would have to be used directly on the 
enemy, immediately during a battle, ambush, or other military engagement, so its aerosol and/or smoke 
dissemination can thereby enter the lungs of the soldiers killing them very fast, usually within 6 hours of inhalation 
of dust or particles of lethal amounts. Nevertheless, areas can be contaminated with said agent such as crops, and 
other agricultural systems to contaminate the enemy's food supply. or thereby contaminate a soldiers food while he 
eats and is touching grass or some other plant ect., and then using his same fingers to eat and drink, leading to 
ingestion of the agent, leading to poisoning, with medical effects determined by the concentration absorbed into the 
digestive tract. The LDso in rabbits through inhalation of aerosol or smoke was estimated to be as low as 
0.0071mg/Kg, and a LDsy through ingestion in mice to be as low as 0.0193mg/Kg. The lethal dose in man through 
inhalation of dust, particles (aerosol/smoke) may be as low as 0.0859mg, and the lethal dose in man through 
ingestion may be as low as 0.109mg. Acutainious-XG can persist in moist and wet environments for up to 30 to 45 
days, and can persist in dry environments for up to 6 months. Acutainious-XG when disseminated properly 
(aerosol/smoke) is a very fast acting casualty producing nerve agent, which may be resistant to modern day nerve 
agent antidotes. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): N/A (estimated to be at 
least 9.8 when disseminated properly) 
Persistence (open area): Estimated to be 9.1 


Field Stability: 9 in moist environments; 10 in dry 
environments 


Storage stability: 10 (when kept dry) 


Persistence (enclosed area): Estimated to be 10 


Toxicity (as nerve agent): Inhalation (dust/smoke): 9.5 
estimated; skin absorption: 2; eye absorption (dust): 
7.6; ingestion: 8.9 (victims exposed by ingestion will 

feel no undo effects for up to 36 hours, as the agent 
slowly penetrates the digestive tract and then enters 
the central nerve system, whereby immediate 
cholinesterase poisoning takes place, with death 
resulting in 6 hours or less, depending on dosage 
ingested) 
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~diphosphan-1-yl)oxy]-N,N-dimethylpropan-1-amine 


Step 1: preparation of (2-chloro-1-fluoro-2-nitrilo-1-oxido-14°,2A*-diphosphan-1-yl)sodium 


Into a 3-neck flask equipped with addition funnel, motorized stirrer, thermometer, and bulb condenser, and fitted 
inside a dry ice bath (80% dry ice/20% acetone), add 750 milliliters of toluene, followed by the icky residue 
containing phosphoryl disodium fluoride and sodium chloride (prepared in Vilhustkin, step 1, 341 total grams). 
Thereafter, pour into the addition funnel a solution prepared by adding and dissolving 118 grams of 
phosponitrillic dichloride, into 560 grams of DMF. Thereafter. by means of the dry ice/acetone bath, chill the 
ingredients in the 3-neck reaction flask to -60 Celsius. Once the ingredients in the reaction flask reach -60 Celsius, 
turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, slowly, the 
phosponitrillic dichloride/DMF solution from the addition funnel, to the reaction mixture, while rapidly blending 
the reaction mixture and maintaining its temperature around —60 Celsius at all times. Once all the phosponitrillic 
dichloride/DMF solution has been added from the addition funnel continue to stir the reaction mixture at a 
temperature around —30 to —5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone bath and allow the 
reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction mixture during the 
warming period. Once the reaction mixture has warmed to room temperature, disassemble the apparatus, and then 
pour the entire icky mass residue into a rotary evaporator and evaporate-off the toluene at 90 Celsius under high 
vacuum until no more toluene passes over or is collected. Once this point is achieved, turn off the rotary 
evaporator, equalize the pressure, and then remove the left over icky mass residue left behind (once it has cooled), 
and store it in a nickel vessel in a desiccator over phosphorus pentoxide until use for step 2. 


Step 2: preparation of {2-[3-(dimethylamino)propoxy]-1-fluoro-2-nitrilo-1-oxido-1A*,2A°-diphosphan-1- 
yljsodium 


Into a clean suitable sized 3-neck flask equipped with addition funnel, motorized stirrer, thermometer, and bulb 
condenser, and fitted inside a dry ice bath (80% dry ice/20% acetone), add in the icky residue containing the (2- 
chloro-1-fluoro-2-nitrilo-1-oxido-14°,2A°-diphosphan-1-yl)sodium (prepared in step 1) and also containing 
DME and the by-product sodium chloride. Thereafter, pour into the addition funnel a solution prepared by adding 
and dissolving 127 grams of sodium 

3-(dimethylamino)propan-1-olate, into 600 grams of THF. Thereafter, by means of the dry ice/acetone bath, 
chill the ingredients in the 3-neck reaction flask to -60 Celsius. Once the ingredients in the reaction flask reach —60 
Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 minutes, begin to add, 
slowly, the sodium 

3-(dimethylamino)propan- 1 -olate/THF solution from the addition funnel, to the reaction mixture, while rapidly 
blending the reaction mixture and maintaining its temperature around —60 Celsius at all times. Once all the sodium 
3-(dimethylamino)propan- | -olate/THF solution has been added from the addition funnel continue to stir the 
reaction mixture at a temperature around —30 to —5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone 
bath and allow the reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction 
mixture during the warming period. Once the reaction mixture has warmed to room temperature, disassemble the 
apparatus, and then pour the entire icky mass residue into a rotary evaporator and evaporate-off the THF at 50 
Celsius under moderate vacuum until no more THF passes over or is collected. Once this point is achieved, turn off 
the rotary evaporator, equalize the pressure, and then remove the left over icky mass residue left behind (once it has 
cooled), and store it in a nickel vessel in a desiccator over phosphorus pentoxide until use for step 3. 


Step 3: preparation of Acutainious-XG 


Into a clean suitable sized 3-neck flask equipped with addition funnel, motorized stirrer, thermometer, and bulb 
condenser, and fitted inside a dry ice bath (30% dry ice/70% acetone), add in the icky residue containing the {2-[3- 
(dimethylamino)propoxy]-1-fluoro-2-nitrilo-1-oxido-14°,2A°-diphosphan-1-yl}sodium (prepared in step 2) and 
also containing DMF and the by-product sodium chloride. Thereafter, pour into the addition funnel a solution 
prepared by adding and dissolving 93 grams of 1-chlorobutane into 400 grams of THF. Thereafter, by means of 
the dry ice/acetone bath, chill the ingredients in the 3-neck reaction flask to —20 Celsius. Once the ingredients in the 
reaction flask reach —20 Celsius, turn on the motorized stirrer on high speed and blend for 15 minutes. After 15 
minutes, begin to add, slowly, the |-chlorobutane/THF solution from the addition funnel, to the reaction mixture, 
while rapidly blending the reaction mixture and maintaining its temperature around —20 Celsius at all times. Once 
all the |-chlorobutane/THF solution has been added from the addition funnel continue to stir the reaction mixture at 
a temperature around —10 to 5 Celsius for 4 hours. After 4 hours, remove the dry ice/acetone bath and allow the 
reaction mixture to warm to room temperature. Note: continue to rapidly blend the reaction mixture during the 
warming period. Once the reaction mixture has warmed to room temperature, disassemble the apparatus, and then 


filter the reaction mixture using a Buchner funnel and medium flow filter paper under moderate suction to collect 
the insoluble sodium chloride and some left over residue, wash with two 250-milliliter portions of fresh THF, and 
then pour the filtered reaction mixture containing the dissolved desired product into a rotary evaporator and 
evaporate-off the THF and DMF at 150 Celsius under high vacuum until no more THF and DMF passes over or is 
collected. Once this point is achieved, turn off the rotary evaporator, equalize the pressure, and remove the left over 
icky residue left behind (once it has cooled), and then recrystallize this left over icky residue from a solvent mixture 
prepared by adding mixing 650 milliliters of ethyl acetate with 650 milliliters of acetone. During the 
recrystallization process collect the precipitated crystals on a clean Buchner funnel, and when the bulk of the 
solvent mixture has been removed, and a dark liquid syrupy icky mass remains, all the desired product crystals 
should be collected in the same Buchner funnel. Thereafter, wash these crystals with four 600-milliliter portions 
of warm water, and then suction dry as best as possible. Finally, place these suction dried crystals into a oven and 
bake at 105 Celsius for 6 hours, or until dry. Once the desired product crystals are dry, remove them from the oven 
(once they have cooled), and store them in a clean glass or plastic container in a cool dry place until use. 


23. S-NN; N'N"'-[2-(dimethylamino)ethyl]-N,N-dimethylethane-1,2-diamino-S-propyl] 
P-ethylphosphonamidothioate 


H3C 
CH, N——CH, 
Hoo 
‘ CH,—CH, 
o——P—N 
| CH,—CH 
s 2 2 
cu \ 
| 2 N——CH, 
H2C H3C 
3 
cu, 


Molecular Formula = C;3H32N30PS | 
Composition =C(50.46%) H(10.42%) 
N(13.58%) O(5.17%) P(10.01%) 
S(10.36%) 
Molar Volume = 302.9 + 3.0 cm> 
Index of Refraction = 1.494 + 0.02 


Formula Weight = 309.451442 
Molar Refractivity = 88.31 + 0.3 cm} 


Parachor = 749.1 + 4.0 cm? 
Surface Tension = 37.3 + 3.0 dyne/em 


Density = 1.021 + 0.06 g/cm* 


Polarizability = 35.00 + 0.5 10cm? 


Monoisotopic Mass = 309.200369 Da 


Nominal Mass = 309 Da 


Average Mass = 309.4514 Da 


M+ = 309.19982 Da 


M- = 309.200917 Da 


[M+H]+ = 310.207645 Da 


([M+H]- = 310.208742 Da 


[M-H]+ = 308.191995 Da 


[M-H]- 308.193092 Da 


Smiles: 


CCCSP(=0)(CC)N(CCN(C)CYCCN(C)C 


InChI = 1S/C13H32N30PS/cl-7-13- 
19-18(17,8-2)16(1 1-9-14(3)4)12-10- 
15(5)6/h7-13H2,1-6H3 


S-NN is an experimental NV nerve agent that forms a colorless syrupy liquid with a boiling point 247 Celsius at 
201mm of mercury, or 201 Celsius at 24mm of mercury, with a melting point of —21 Celsius. Impure agent will 
often have a moderate fishy odor. S-NN has a relatively high melting point, and hence cannot be used in very cold 
environments, whereby it freezes to amber colored prismatic crystals. The agent is insoluble in water, ethyl acetate, 
DMSO, and acetone, but readily soluble in methylene chloride, chloroform, hexane, toluene, THF, ether, and 
petroleum ether. S-NN is rather not very volatile, but it is very stable, and can persist in wet and moist 
environments for months, whereby it forms oily droplets on the surface of water, and it forms droplets on leaves, 


branches, grass, and bushes like dew on a moist or foggy day. The agent can persist in dry environments for an 
unremarkable 12 to 16 months, contaminating areas that can remain contaminated regardless of various weather 
effects due to its lack of solubility, making decontamination almost impossible. Because S-NN is relatively non- 
volatile, it's most effective use of dissemination is through aerosol munitions or foggers, whereby it can be inhaled 
by enemy forces causing death within 15 to 20 minutes with a lethal dose. Nevertheless, S-NN is rapidly absorbed 
through clothing and then rapidly absorbed through the skin causing cholinesterase poisoning within 24 hours, with 
death occurring within 26 to 28 hours depending on the concentration absorbed. Note: well known nerve agent 
antidotes have shown in test animals to have great effect at defeating the cholinesterase poisoning of S-NN when 
inhaled and treated within 2 hours when the agent is inhaled; however. when the agent is absorbed through the skin 
or eyes, well known nerve agent antidotes have shown in test animals, to have only a slight effect at reversing or 
defeating the poisoning effects of the agent; therefore, skin absorption is the target organ of S-NN. The estimated 
LDso in rabbits through inhalation is 0.0969mg/Kg, and the lethal dose in man through inhalation may be as low as 
0.0998mg. Lethal absorption toxicity through the skin was estimated to be around 1.009mg in the average man. In 
essence, S-NN is a fast acting casualty producing nerve agent when inhaled, but a delayed casualty producing yet 
lethal nerve agent when absorbed through the skin or eyes. Whether inhaled or absorbed, the agent even under non- 
lethal amounts can produce the normal incapacitating results producing the usual "Gulf War Syndrome" medical 
conditions, many of which can last for years or even cause permanent damage in the body, the effects and exact 
routes of action and reactions in the body are unknown, 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9 Field Stability: 9 in moist environments; 10 in 
dry environments 
Persistence (open area): Estimated to be 9.5 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): Estimated to be Toxicity (as nerve agent): Inhalation: 9 
9.8 estimated; skin absorption: 7.9 estimated; 


eye absorption: 8.1; ingestion: 2.1 (victims 
who ingest the agent will most likely vomit 
within minutes of consumption, and hence 
little of the agent will be absorbed, also scant 
research translated from Russian indicates 
the agent is not readily absorbed in the 
stomach or in the digestive tract, as samples 
were found in the feces of tested animals). 
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bis[2-(dimethylamino)ethy!]phosphoramidic dichloride 
CH _-SH| THF 
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N'N"-[2-(dimethylamino)ethyl]-NV,V-dimethylethane 
-1,2-diamino-S-propyl P-ethylphosphonamidothioate 


Step 1: preparation of bis[2-(dimethylamino)ethyl |phosphoramidic dichloride 


Into a simple addition apparatus as illustrated in the left illustration shown in the following pour in 500 milliliters 
of THF, followed by 81 grams of pyridine, followed by 157 grams of phosphoryl chloride, and then chill the 
mixture using a dry ice/acetone bath (20% dry ice/80% acetone). Thereafter, chill these reaction ingredients to -20 
Celsius. Once the ingredients have chilled to -20 Celsius, turn on the motorized stirrer to high speed, and blend for 
30 minutes to form a uniform mixture. Thereafter, into the addition funnel, pour in a pre-prepared solution prepared 
by adding and dissolving 187 grams of N'-[2-(dimethylamino)ethy]]-N,N-dimethylethane-1,2-diamine into 650 
milliliters of THF. Now, once the ingredients in the reaction flask have chilled to -20 Celsius, begin to add in, 
slowly, the N'-[2-(dimethylamino)ethyl]-V,N-dimethylethane-1,2-diamine/THF mixture from the addition funnel 
into the reaction mixture over a period of about 45 minutes, while rapidly stirring the reaction mixture and 
maintaining its temperature at —20 Celsius at all times. Once all the M'-[2-(dimethylamino)ethyl]-V,N- 
dimethylethane-1,2-diamine/THF mixture from the addition funnel has been added, continue to rapidly stir the 
reaction mixture at —10 to 0 Celsius for about | hour. After | hour, remove the dry ice/acetone bath, and then 
remove the addition funnel, and replace it with a thermometer as shown in the right illustration in the following (a 
classic reflux apparatus), and then pour in 250 milliliters of methylene chloride, and then turn on the heating 


mantle, and reflux the reaction mixture at 60 Celsius for 3 hours with stirring. After 3 hours, turn off the heating 
mantle, and allow the reaction mixture to cool to room temperature. Note: continue to rapidly stir the reaction 
mixture during the cool down period. Then, pour the entire reaction mixture into a rotary evaporator, and 
evaporate-off the THF, and methylene chloride at 65 Celsius under moderate vacuum until no more THF and 
methylene chloride passes over or is collected, and a thick syrupy semi-solid liquid residue remains. Once no more 
THF and methylene chloride is obtained, turn off the rotary evaporator, equalize the pressure, and then collect the 
left over thick syrupy semi-solid residue that remains, and place this residue in a large beaker equipped with 
motorized stirrer, and then add in 1500 milliliters of fresh dry diethyl ether, and then blend this new mixture for 2 
hours on high speed. After 2 hours, stop the stirring, and then filter-off the insoluble materials (pyridine 
hydrochloride and magnesium chloride) using a Buchner funnel under suction. After the filtration process, wash the 
filtered-off insoluble materials with two 250-milliliter portions of fresh dry diethyl ether, and then pour the 
entire filtered ether mixture (containing the dissolved desired product) into a rotary evaporator, and evaporate-off 
the ether at 40 Celsius under mild vacuum until no more ether passes over or is collected. When no more ether is 
collected, turn off the rotary evaporator, and then recover the remaining left over syrupy material, and place this left 
over material into a 3-path high vacuum distillation apparatus, as shown in the third illustration in the following, 
and vacuum distill at 147 Celsius at 37mm of mercury until no more desired product of bis[2- 
(dimethylamino ethyl ]phosphoramidic dichloride is collected in the receiver flask as shown in the illustration, Once 
this point is achieved, stop the vacuum distillation process, equalize the pressure, and then collect the desired 
product and store it in a amber glass bottle in a cool dry place until use for step 2. 
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Step 2: preparation of S-NN 


Into an apparatus as known in the prior art, pour into the reaction flask the syrupy mass obtained in step 1, 
followed by 750 milliliters of THF, followed by 88 grams of pyridine. Thereafter, into the first addition funnel, 
pour in a pre-prepared solution containing 99 grams of ethyl magnesium chloride in 1200 milliliters of dry 
diethyl ether (prepared by bubbling ethyl chloride gas into a reaction mixture containing magnesium turnings in 
ether), and then pour into the second addition funnel 85 grams of propane-1-thiol. Thereafter, place the apparatus 
in a dry ice/acetone bath containing 20% dry ice/and 80% acetone. Thereafter, once the ingredients in the reaction 
flask have been cooled to —20 Celsius, turn on the motorized stirrer to high speed for 15 minutes, and then slowly 
begin to add in, from the first addition funnel the of ethyl magnesium chloride/ether mixture, and then at the same 
time, begin to slowly add in from the second addition funnel the propane-1-thiol into the reaction mixture while 
rapidly blending the reaction mixture and maintaining its temperature around —20 Celsius at all times. Note: the 
addition of the ethyl magnesium chloride/ether mixture and propane-1-thiol should be added at a rate so as both 
liquids are added to the reaction mixture at the same time. Once all the ethyl magnesium chloride/ether mixture, 
and propane-1-thiol has been added from the addition funnels, continue to stir the reaction mixture at a temperature 
around —10 to 0 Celsius for 2 hours. After 2 hours, remove the cooling bath and allow the reaction mixture to warm 
to room temperature. Note: continue to rapidly blend the reaction mixture during the warming period. Once the 
reaction mixture has warmed to room temperature, disassemble the apparatus, and then filter-off the insoluble by- 
products of pyridine hydrochloride and magnesium chloride using a Buchner funnel under moderate suction, wash 
with two 150-milliliter portions of fresh dry diethyl ether, and then pour the filtered reaction mixture into a clean 
beaker equipped with motorized stirrer, add in 50 grams of anhydrous sodium sulfate, blend for 45 minutes, then 
filter-off the sodium sulfate using a clean Buchner funnel under strong suction. Now, pour this filtered dried 
reaction mixture into a rotary evaporator, and evaporate-off the THF and diethyl ether at 75 Celsius under moderate 
vacuum until no more THF and ether passes over or is collected. When no more THF or ether passes over or is 
collected, turn off the rotary evaporator, equalize the pressure, and then recover the left over oily syrupy residue 
that remains behind, and then place this left over oily syrupy residue into a standard vacuum distillation apparatus, 
and vacuum distill the oily syrupy residue at 201 Celsius under a vacuum of 24mm of mercury until no more 
desired product is collected or passes over. Once no more desired product is recovered, stop the distillation process, 
equalize the pressure, and then recover the oily liquid product of S-NN, and store it in a shatter-proof glass 
container in a cool dry place until use. 


Chapter 02: Specialty quaternary nerve 
agents 


Overview 


Experimental chemical warfare agents are a class of a highly lethal chemical compounds that contain quaternary 
“nitrogen” ions. A great many quaternary nitrogen compounds are known, but most of them are relatively non-toxic 
in nature, and have in no way the toxicities of the quaternary compounds that will be discussed in this section. In 
fact, a few quaternary compounds are used as nerve agent antidotes. 

The quaternary nitrogen compounds in this section are deadly agents that act upon the peripheral autonomic 
cholinergic nervous system, which includes the motor nerves, preganglionic fibers, ganglia, and neuromuscular 
functions. These quaternary nitrogen compounds are in general highly active towards the aforementioned bodily 
systems because of their “onium” centers, and they are attracted to the anionic sites in the tissues, especially those 
situated at cell surfaces and interfaces. 

The quaternary nitrogen compounds in this section can induce physiological responses that can mimic or 
antagonize the actions of acetylcholine. They interact with the various physiological receptor sites of acetylcholine, 
especially those at membranes of muscle cells. These quaternary nitrogen compounds can also combine with 
enzymes such as acetylcholinesterase, additional esterases, acetylcholineacetylase, and more; as a result, the 
quaternary nitrogen compounds inhibit the biological processes of the aforementioned. 

One of the contributing factors to the toxicity of these experimental compounds is the anatomical differences 
between the neuromuscular junctions and other acetylcholine receptive sites, and the comparative ease at which 
they penetrate the membrane barriers or sheaths such as the envelopes of the ganglia, and act upon the 
neuromuscular junctions replacing normal system processes with “onium” centers; thus greatly interfering with the 
natural biological processes. This partly explains why in many cases, only very small doses are needed evoke 
physiological actions that modify or interrupt normal neuromuscular impulse transmission. In essence, the 
quaternary compounds in this section act in a similar manner as nerve agents, but with more complex reactions, and 
rates of neuro disruption. 

Many quaternary nitrogen compounds differ in their physiological effects, as previously stated, some are used as 
nerve agent antidotes. They interfere with the neurological mechanisms of impulse transmission in many different 
ways, and the final physiological effects can very considerably. Some quaternary nitrogen compounds are used to 
treat various medical illnesses, and in various types of medical therapies, but a few, like the ones discussed in this 
section are highly lethal. The magnitude and ease at which these toxic quaternary nitrogen compounds interfere 
with neurological systems depends on the accessibility, and distribution of the positive charges of the quaternary 
nitrogen’s themselves. Different physiological behaviors have been observed by different quaternary compounds. 
In the case of those quaternary compounds discussed in this section, they have the perfect size, shape, charge, and 
accessibility that make them so lethal. 

The nature of the groups attached to the quaternary nitrogen’s influences their distribution and cationic charges. 
The length and branching of these groups ultimately leads to ease or difficulty in which they approach the specific 
receptor sites. The groups located upon the “onium” centers in the chemical agents discussed in this book, are 
perfect for interaction with the esteratic sites of various enzymes; as a result, they have high potency, and toxicity 
because of their ability to penetrate cell membranes and attack the receptor sites interfering with neurological 
transmission. 

The receptor sites are located in close vicinity to the positively charged “oniun” centers of the quaternary nitrogen 
compounds. Substitution of different functional groups within the quaternary nitrogen’s may give rise to different 
functions, and may change the interactions with the receptors. Bis-quaternary and poly-quaternary compounds may 
have different electrical charge balances, as a result, to large of substitutional groups, or inadequate alkyl or aryl 
groups may disrupt the experimental chemical warfare agents ability to penetrate into the body efficiently. In some 
cases, certain quaternary nitrogen compounds undergo reversible reactions within the body, therefore leading to 
decreased toxicities. The chemical agents discussed in this section have been chosen for their regioselectivity, and 
non-reversible reaction nature, lending them to high potency and toxicity. 

In general, the chemical agents discussed in this section interfere with the normal neurological processes leading to 
severe disruption in the neuromuscular impulse transmissions, and thus interfering with the propagation of impulses 
from nerves to muscles. Signs and symptoms of exposure to these agents is similar in nature to the nerve agents, 
but includes an additional arsenal of incapacitation symptoms including muscle “lock ups”, meaning the muscles 
tense up or “freeze” making movement almost impossible, total and complete memory loss, severe vision 


problems, spasms, severe decreases in the ability to think and talk, seizures, drooling, runny nose, and complete 
loss of bodily functions. The effects from long term exposure to non-lethal concentrations has not been thoroughly 
researched. Exposure to lethal concentrations is easily fatal within 10 to 90 minutes of exposure, but in many cases, 
victims will be comatose or even catatonic for days prior to death—this effect can render a severe strain upon 
military and/or civilian medical and rescue personnel in the event of an attack by these chemical warfare agents. 
Currently there are no antidotes or methods of treatment for exposure to these experimental chemical warfare 
agents. 


1. Pybiapicmethy] dibromide; bis{a-[(3-dimethylcarbamoxy- a-picolinyl)pyrrolidinio ]}- 
4,4’-biacetophenone dibromide 


Pybiapicmethyl dibromide forms a white to colorless or off-white solid with a melting point of 138 Celsius (with 
decomposition). In some cases, Pybiapicmethyl dibromide may be lightly colored amber or brown, and may have a 
melting point of 134 Celsius. Pybiapicmethyl dibromide is a highly toxic agent capable of disrupting nerve 
transmissions, and causing incapacitation and death. The agent is extremely toxic, and is more toxic then the 
aforementioned nerve agents with the exception of agent VX. Currently this agent is not being used in chemical 
warfare munitions, but its place among the future of chemical warfare is definite. Pybiapicmethyl dibromide may 

be used in small arms munitions for tactical or covert operations. Pybiapicmethyl dibromide can be disseminated 
using aerosols, smoke generating munitions, or explosives munitions. If smoke generating devices are used, the fuel 
component should be low burning, and the agent should be in excess as to avoid excessive decomposition. The 
persistence of Pybiapicmethy] dibromide is dependent on environmental conditions, but ranges from poor to mild. 
Because it’s a solid, its persistence is similar to the riot control agent CS, but its toxicity is so high that it can linger 
on walls, equipment, clothing, branches, leaves, water, and anything else for very long periods of time and still 
remain a major threat for months. The agent is rapidly absorbed by the eyes, respiratory tract, and skin. 
Pybiapicmethy! dibromide can be decontaminated with bleach, hot potassium permanganate solution, or hot caustic 
soda solution. Pybiapicmethyl dibromide is a fast acting, and highly lethal chemical agent capable of 
producing casualties within minutes of dissemination. The lethal dose through inhalation in the average man 
may be as low as 700 micrograms, but usually ranges from 1.2 to 2 milligrams. Inhalation of non-lethal 
concentrations in the range of 50 to 500 micrograms may produce incapacitation within minutes. The agent 
has little or no irritating effect upon inhalation, ingestion, or eye and skin absorption. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as specialty nerve agent): 10 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): 10 Toxicity (as specialty nerve agent): 10 
TOTAL EFFECTIVENESS (as specialty nerve agent): 10 
OVERALL TOXICITY (as warfare agent): 10 
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Step 1: Preparation of 2-(N-pyrrolidinomethyl) pyridine 


Into a standard reflux apparatus, add 57 grams 3-pyridol, 45.5 grams of pyrrolidine, 53.5 grams of a 37% 
formaldehyde solution, and 100 milliliters of water. Thereafter, reflux this entire mixture for about 2 hours at 100 
Celsius using a steam bath as the external heating source. After the reflux period, allow the mixture to cool to room 
temperature, and then pour the entire reaction mixture into a vacuum distillation apparatus, and fractionally distill 
the reaction mixture at 140 Celsius under a vacuum of 3.5 millimeters of mercury to obtain a crude product. After 
the distillation process, place the crude product into a clean vacuum distillation apparatus, and re-distill the crude 
product at 110 Celsius under a vacuum of 2 millimeters of mercury to obtain 65 grams of a refined product of 2- 
(N-pyrrolidinomethyl) pyridine. 


Step 2: Preparation of 3-Dimethylcarbamoxy-2-(N-pyrrolidinomethyl) pyridine 


Into a clean reflux apparatus, place the 65 grams of the refined product obtained in step1, followed by 64 
milliliters of pyridine, and 41 grams of dimethylcarbamoy]! chloride. Thereafter, reflux the entire reaction 
mixture for 60 minutes at 115 Celsius. After refluxing for 60 minutes, remove the heat source, and allow the 
reaction mixture to cool to room temperature. Then pour the entire reaction mixture onto 100 grams of ice 
contained in a beaker. Allow the ice to melt, and then add in 500 milliliters of a 25% sodium carbonate solution, 
and stir the reaction mixture for 30 minutes. After the addition of sodium carbonate (to neutralize the hydrochloride 
base), extract the entire mixture with six 150-milliliter portions of dry chloroform. After the extraction process, 
combine all chloroform extracts (if not already done so), and then dry the combined chloroform extracts by adding 
100 grams of anhydrous sodium sulfate and stirring the mixture for 10 minutes; thereafter, filter-off the sodium 
sulfate. Then place the entire filtered chloroform mixture into a clean rotary evaporator or vacuum distillation 
apparatus, and remove the chloroform under mild vacuum. Thereafter, place the remaining residue into a clean 
vacuum distillation apparatus, and vacuum distill at 130 Celsius and under a vacuum of 1.6 millimeters of mercury 
to obtain a crude product. Then place this crude product into a clean vacuum distillation apparatus, and re-distill the 
crude product at 117 Celsius, and under a vacuum of 0.08 millimeters of mercury to obtain 24.5 grams of a refined 
3-Dimethylcarbamoxy-2-(N-pyrrolidinomethyl)pyridine. 


Step 3: Preparation of Pybiapicmethy] dibromide 


Into a clean reflux apparatus place 500 milliliters of dry tetrahydrofuran, and then 16 grams of &,a’-dibromo- 
4,4’-biacetophenone. Thereafter, stir the mixture for several minutes to dissolve the solids. Then add 20 grams of 
the product obtained in step 2, and then reflux the entire reaction mixture at 66 Celsius for 4 hours. After 
refluxing the reaction mixture for 4 hours, remove the heat source, and allow the reaction mixture to cool to room 
temperature. Then filter-off the precipitated product, and then dissolve this precipitated product into 150 milliliters 
of 99% ethanol. Note: More or less 99% ethanol may or may not be needed to dissolve the precipitated product. 
When the filtered-off precipitated product has dissolved in the 99% ethanol, add in 15 grams of regular charcoal, 
and then stir the whole mixture for 10 minutes. After 10 minutes, filter-off the insoluble charcoal, and then add 150 
milliliters of dry ethyl ether. Note: More or less diethyl ether may or may not be needed. After the addition of the 
diethyl ether, the purified product will precipitate. Allow this ethanol/ether mixture to stand for | hour at room 
temperature (to allow for the product to precipitate fully), and then filter-off the precipitated product. Then 
carefully vacuum dry or air-dry this filtered-off product, and then store it in a desiccator filled with phosphorus 
pentoxide for 12 hours. The result will be about 15 grams of the desired chemical agent Pybiapicmethy] 
dibromide. 


2. 3-Carboxmethyl dibromide; bis{a-[(3-dimethylcarbamoxyphenyl)methylamino]}- 
4,4’-biacetophenone dimethobromide 
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3-Carboxmethyl dibromide forms a light yellowish to off-white odorless solid with a melting point of 152 Celsius. 

In some cases the solid may have a light amber or faded tint to it, with a characteristic, yet mild odor. 3- 
Carboxmethyl dibromide is very similar in nature to 3-Carboxmethyl dibromide. It can be used in chemical warfare 
operations with lethal results. 3-Carboxmethyl dibromide is a highly lethal chemical agent capable of incapacitating 
and killing exposed personnel within moments. The agent is rapidly absorbed by the eyes, respiratory tract, and 

skin. Currently, it is not being used in military munitions, but it’s future in chemical warfare is definite. It may 
currently be used in tactical and covert munitions such as grenades and land mines. Its persistence is similar to 3- 
Carboxmethyl dibromide, and it can linger on clothing, walls, equipment, leaves, branches and other objects from 
which it can remain a lethal threat for months. It can be effectively disseminated through aerosols, smoke 

generating munitions, or explosives munitions. If smoke generating devices are used, the fuel component should be 
low burning, and the agent should be in excess as to avoid excessive decomposition. 3-Carboxmethyl dibromide 

can be decontaminated with bleach, or hot caustic alkali. 3-Carboxmethyl dibromide is a fast acting, and highly 
lethal chemical agent capable of producing casualties within minutes of dissemination. The agent is highly 
toxic through inhalation, ingestion, and eye and skin absorption. The lethal dose through inhalation in the 
average man may be as low as 900 micrograms, but usually ranges from 1.8 to 2.2 milligrams. Inhalation of 
non-lethal concentrations in the range of 120 to 800 micrograms may produce incapacitation within minutes. 
The agent has little or no irritating effect upon inhalation, ingestion, or eye and skin absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as specialty nerve agent): 10 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): 10 Toxicity (as specialty nerve agent): 9 


TOTAL EFFECTIVENESS (as specialty nerve agent): 9.8 
OVERALL TOXICITY (as warfare agent): 91% 
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Into a suitable reflux apparatus, add 600 milliliters of 95% ethyl alcohol, 1200 milliliters of water, 22 grams of 
3-dimethylcarbamoxydimethylaniline, and 11.8 grams of 0,0’-dibromo-4,4’-biacetophenone. Thereafter reflux 
this entire reaction mixture at 78 Celsius for 35 hours. After the reflux period, remove the heat source, and allow 

the reaction mixture to cool to room temperature. Then place the entire reaction mixture into a rotary evaporator or 
vacuum distillation apparatus, and remove the ethyl alcohol and water under vacuum at about 50 millimeters of 
mercury. Thereafter, remove the remaining oily residue, and dissolve it into 300 milliliters of hot 99% ethyl 
alcohol. After the oily residue has dissolved, add in 10 grams of regular charcoal, and then stir the entire mixture 
for about 30 minutes. Then filter-off the charcoal, and any other insoluble materials, and then mix 300 milliliters of 
ethyl acetate (more or less may be needed) with the filtered ethyl alcohol mixture. Thereafter, place this ethyl 
acetate/ethy! alcohol mixture into a refrigerator and allow it to stand over night. The following day, filter-off the 
precipitated yellowish solid, and then vacuum dry or air-dry this filtered-off solid, and then store it in a desiccator 
filled with phosphorus pentoxide for 24 hours. 


3. 3-Carbpicolinyloxy dibromide; /,10-Bis[(3-dimethylcarbamoxy- @& 
picolinyl)ethylamino Jdecane dimethobromide 
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3-Carbpicolinyloxy dibromide forms a crystalline white solid, with a melting point of 173 Celsius. It may have an 
off-white appearance to it, and sometimes may be colored light yellow to brown. The pure compound has no odor, 
but impure varieties may have a characteristic light “oily” smell. 3-Carbpicolinyloxy dibromide is a highly potent 
and lethal nerve agent, which can render exposed personnel incapacitated or dead with microgram quantities. The 
agent is rapidly absorbed by the eyes, respiratory tract, and skin. Its higher melting point, and extreme toxicity 
makes it perfect for use in chemical weapons. Currently it is not in active use by military forces. 3- 
Carbpicolinyloxy dibromide is one of the most lethal chemical warfare agents known to man. Its persistence in the 
environment is similar to Pybiapicmethyl dibromide, but it is more persistent; it can remain embedded in clothing 
and other garments, and it can linger on walls, branches, grass, trees, and equipment of all kinds from which it can 
remain a lethal threat for months. It can be disseminated using aerosols, smoke generating munitions, or explosives 
munitions. The agent can be decontaminated with bleach, or hot caustic soda. 3-Carbpicolinyloxy dibromide is a 
fast acting and lethal chemical warfare agent capable of producing casualties within minutes of 
dissemination. The agent is highly toxic through inhalation, ingestion, and eye and skin absorption. The 
lethal does through inhalation in the average man is as low as 320 micrograms, but ranges from 500 to 900 
micrograms. Inhalation, ingestion, or eye/skin absorption of as little as 5 to 50 micrograms can lead to 
incapacitation. The agent has little or no irritating effect upon inhalation, ingestion, or eye and skin 
absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as specialty nerve agent): 10 Field Stability: 10 
Persistence (open area): 10 Storage stability: 10 
Persistence (enclosed area): 10 Toxicity (as specialty nerve agent): 10 


TOTAL EFFECTIVENESS (as specialty nerve agent): 10 
OVERALL TOXICITY (as warfare agent): 10 
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Step 1: Preparation of 2-{[ethyl(methylamino]methyl}pyridin-3-ol 


Into a standard reflux apparatus, add 57 grams 3-pyridol, 36 grams of ethylmethylamine, 53.5 grams of a 37% 
formaldehyde solution, and 100 milliliters of water. Thereafter, reflux this entire mixture for about 2 hours at 100 
Celsius using a steam bath as the external heating source. After the reflux period, allow the mixture to cool to room 
temperature, and then pour the entire reaction mixture into a vacuum distillation apparatus, and fractionally distill 
the reaction mixture at 130 Celsius under a vacuum of 1.00 millimeters of mercury to obtain a crude product. After 
the distillation process, place the crude product into a clean vacuum distillation apparatus, and re-distill the crude 
product at 117 Celsius under a vacuum of | millimeters of mercury to obtain a refined product of 2- 

{[ethyl(methyl amino]methyl } pyridin-3-ol. 


Step 2: Preparation of (3-dimethylcarbamoxy-q-picolinyl)-methyl ethylamine 


Into a clean reflux apparatus, place the 65 grams of refined product obtained in step 1, followed by 64 milliliters 
of pyridine, and 44 grams of dimethylcarbamoyl chloride. Thereafter, reflux the entire reaction mixture for 60 
minutes at 115 Celsius. After refluxing for 60 minutes, remove the heat source, and allow the reaction mixture to 
cool to room temperature. Then pour the entire reaction mixture onto 100 grams of ice contained in a beaker. Allow 
the ice to melt, and then add in 500 milliliters of a 25% sodium carbonate solution, and stir the reaction mixture 
for 30 minutes. After the addition of sodium carbonate (to neutralize the hydrochloride base), extract the entire 
mixture with six 150-milliliter portions of dry chloroform. After the extraction process, combine all chloroform 
extracts (if not already done so), and then dry the combined chloroform extracts by adding 100 grams of 
anhydrous sodium sulfate and stirring the mixture for 10 minutes; thereafter, filter-off the sodium sulfate. Then 
place the entire filtered chloroform mixture into a clean rotary evaporator or vacuum distillation apparatus, and 
remove the chloroform under mild vacuum. Thereafter, place the remaining residue into a clean vacuum distillation 
apparatus, and vacuum distill at 160 Celsius and under a vacuum of 2 millimeters of mercury to obtain a crude 
product. Then place this crude product into a clean vacuum distillation apparatus, and re-distill the crude product at 
138 Celsius, and under a vacuum of 2 millimeters of mercury to obtain a refined (3-dimethylcarbamoxy-Q- 
picolinyl)-methyl ethylamine. 


Step 3: Preparation of 3-Carbpicolinyloxy dibromide 


Into a suitable flask, place 28 grams of the product obtained in step 2, followed by 18 grams of 1,10- 
dibromodecane. Then allow this reaction mixture to stand for 5 days at room temperature. During this standing 
period, the reaction mixture will solidify. After allowing the reaction mixture to stand for 5 days, mix in 200 
milliliters of acetone, and then stir the whole reaction mixture for about 15 minutes. Thereafter, filter-off the 
insoluble solids, and then dissolve these insoluble solids into 200 milliliters of hot acetonitrile. After the bulk of 
the solids have dissolved, add in 15 grams of charcoal, and then stir the whole mixture for about 10 minutes. Then 
before the acetonitrile cools down, filter-off the charcoal, and any insoluble solids, and then add this filtered 
acetonitrile mixture to about 200 milliliters of ethyl acetate (more or less ethyl acetate may or may not be needed). 
During and after the addition of the ethyl acetate, the mixture will become turbid in nature. After the addition of the 
ethyl acetate, allow the entire mixture to stand overnight at room temperature. The next day, filter-off the 
precipitated product, and then vacuum dry or air dry it, and then store it in a desiccator filled with phosphorus 
pentoxide for 12 hours. 


4. Bis-Picolinylmoxy dibromide; 1,8-Bis/(3-dimethylcarbamoxy-@ 
picolinyl)ethylamino]octane dimethobromide 
Br 
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Bis-Picolinylmoxy dibromide forms a colorless to white crystalline solid with a melting point of 139 Celsius. 
Impure forms may be off white or light amber to brown in color, and may have a slight odor of almonds, or burnt 
garlic. The pure compound is odorless, and gives off a colorless to white vapor upon volatization. Bis- 
Picolinylmoxy dibromide is stable and its persistence is very good. Like the other experimental agents, it can linger 
on clothing, equipment, leaves, trees, and the like from which it can remain a major threat for months, Bis- 
Picolinylmoxy dibromide is one of the most toxic chemical warfare agents known to man. The agent is highly toxic 
through inhalation, ingestion, and eye and skin absorption. It’s not currently under military use, but like the others, 
its future in chemical warfare is definite. The agent can be disseminated under the usual techniques, but its low 
melting point makes it less satisfactory for use in smoke generating munitions; although it can be used in smoke 
generating munitions as long as the fuel component is low burning, and the chemical agent is in excess. Bis- 
Picolinylmoxy dibromide can be decontaminated with bleach, or hot caustic soda, Bis-Picolinylmoxy dibromide is 
a fast acting and lethal chemical warfare agent capable of producing casualties within minutes of 
dissemination. The agent is highly toxic through inhalation, ingestion, and eye and skin absorption. The 
lethal does through inhalation in the average man is as low as 340 micrograms, but ranges from 550 to 800 
micrograms. Inhalation, ingestion, or eye/skin absorption of as little as 5 to 55 micrograms can lead to 
incapacitation. The agent has little or no irritating effect upon inhalation, ingestion, or eye and skin 
absorption. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as specialty nerve agent): 9+ 


Field Stability: 9+ 


Persistence (open area): 9+ 


Storage stability: 9+ 


Persistence (enclosed area): 9+ Toxicity (as specialty nerve agent): 9+ 


TOTAL EFFECTIVENESS (as specialty nerve agent): 9+ 
OVERALL TOXICITY (as warfare agent): 9+ 
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Step 1: Preparation of 2-{[ethyl(methyl)amino]methy]}pyridin-3-ol 


Into a standard reflux apparatus, add 57 grams 3-pyridol, 36 grams of ethylmethylamine, 53.5 grams of a 37 % 
formaldehyde solution, and 100 milliliters of water. Thereafter, reflux this entire mixture for about 2 hours at 100 
Celsius using a steam bath as the external heating source. After the reflux period, allow the mixture to cool to room 
temperature, and then pour the entire reaction mixture into a vacuum distillation apparatus, and fractionally distill 
the reaction mixture at 130 Celsius under a vacuum of 1.00 millimeters of mercury to obtain a crude product. After 
the distillation process, place the crude product into a clean vacuum distillation apparatus, and re-distill the crude 
product at 117 Celsius under a vacuum of | millimeters of mercury to obtain a refined product of 2- 
{[ethyl(methyl)amino]methyl } pyridin-3-ol. 


Step 2: Preparation of (3-dimethylcarbamoxy-q-picolinyl)-methyl ethylamine 


Into a clean reflux apparatus, place the 65 grams of refined product obtained in step 1, followed by 64 milliliters 
of pyridine, and 44 grams of dimethylcarbamoy] chloride. Thereafter, reflux the entire reaction mixture for 60 
minutes at 115 Celsius. After refluxing for 60 minutes, remove the heat source, and allow the reaction mixture to 
cool to room temperature. Then pour the entire reaction mixture onto 100 grams of ice contained in a beaker. 
Allow the ice to melt, and then add in 500 milliliters of a 25% sodium carbonate solution, and stir the reaction 
mixture for 30 minutes. After the addition of sodium carbonate (to neutralize the hydrochloride base), extract the 
entire mixture with six 150-milliliter portions of dry chloroform. After the extraction process, combine all 
chloroform extracts (if not already done so), and then dry the combined chloroform extracts by adding 100 grams 
of anhydrous sodium sulfate and stirring the mixture for 10 minutes; thereafter, filter-off the sodium sulfate. Then 
place the entire filtered chloroform mixture into a clean rotary evaporator or vacuum distillation apparatus, and 
remove the chloroform under mild vacuum. Thereafter, place the remaining residue into a clean vacuum distillation 
apparatus, and vacuum distill at 160 Celsius and under a vacuum of 2 millimeters of mercury to obtain a crude 
product. Then place this crude product into a clean vacuum distillation apparatus, and re-distill the crude product at 
138 Celsius, and under a vacuum of 2 millimeters of mercury to obtain a refined (3-dimethylcarbamoxy-G- 
picolinyl)-methyl ethylamine. 


Step 3: Preparation of Bis-Picolinylmoxy dibromide 


Into a suitable reflux apparatus, place 28 grams of the product obtained in step 2, followed by a solution 
prepared by adding and dissolving 16 grams of 1,8-dibromooctane into 300 milliliters of acetonitrile. Thereafter, 
reflux this reaction mixture for 48 hours at 81 Celsius. After refluxing the reaction mixture for 48 hours, remove the 
heat source, and allow the reaction mixture to cool to room temperature. Then place the entire reaction mixture into 
a rotary evaporator, and remove the acetonitrile under mild vacuum and heat. After the acetonitrile has been 
removed, take the remaining oily residue and place it into 200 milliliters of acetone. Thereafter, reflux this new 
mixture for about 20 minutes at 56 Celsius. After this short reflux period, remove the heat source, and allow the 
mixture to cool to room temperature. Then filter-off the insoluble solid product, and then dissolve it into 200 
milliliters of hot acetonitrile. Once the solid product has dissolved into the acetonitrile, add in 10 grams of 
regular charcoal, and then stir the mixture for about 10 minutes; then filter-off the charcoal. After filtering-off the 
charcoal, and before the acetonitrile cools down, add 200 milliliters of ethyl acetate (more or less ethyl acetate 
may or may not be needed). During and after the addition of the ethyl acetate, the mixture will become turbid in 
nature. After the addition of the ethyl acetate, allow the entire mixture to stand overnight at room temperature. The 
following day, filter-off the precipitated product, and then vacuum dry or air-dry it; followed by storing ina 
desiccator filled with phosphorus pentoxide for 12 hours. The result will be about 6 grams of the desired product. 


5, EA-3209; Unixpropoxy-EX; 5-amino-2-{[5-(4-trimethylphenylammoniumphenoxy) 
pentyljoxy}phenoxy-3,3-dimethylbutan-2yl methylphosphonate diiodide 
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EA-3209 is a highly toxic cholinesterase inhibiting experimental nerve agent that forms a yellow to light yellowish- 
tan powder with a melting point ranging from 179 to 183 Celsius, with decomposition beginning at 190 Celsius. 
The compound is insoluble in water, but readily soluble in chloroform, alcohol, ethyl acetate, DMF, with moderate 
solubility in ether or THF, but little solubility in hexane or toluene. EA-3209 is a very dangerous and toxic nerve 
agent that is resistant to all known nerve agent antidotes. This fact makes it extremely effective for battlefield use, 
as it is delivered via aerosol where by it forms a very fine particle mist, which can spread airborne over a wide area 
when disseminated via aerosol correctly; thereafter, the super fine particles of deadly agent can travel downwind 
and cover huge areas of environment, eventually settling to the ground, tree limbs, leaves, grass blades, dirt, rocks, 
water puddles, mud, sand, and practically any known substance, whereby it can persist unchanged for months. EA- 
3209 is insoluble in water, and is very stable towards water so it can be used in wet and moist environments 
whereby it can persist for an untold number of months, contaminating said environments waiting for victims. In dry 
environments, the agent can persist for up to a year or longer. As noted, this agent is resistant to all known nerve 
agent antidotes. The LDso in rabbits has been estimated to be 0.0091 mg per/Kg, and the lethal dose in man may 
be as low as 0.183 mg per 180 pound man. As indicated, the only method of dissemination of this agent is through 
aerosol, whereby it is mixed with an inert liquefied petroleum gas or liquefied fluorocarbon, and then either slowly 
released (like a can of hair-spray), or rapidly released, in any case whereby it then forms a super fine mist of 
particles that can spread airborne over a wide area in a very short period of time (like smoke from a cigarette). EA- 
3209 is fast acting casualty producing agent capable of causing mass casualties within minutes of dissemination. 
The incapacitating dose of said agent may be as low as 0.098 mg per 180 pound man, producing the usual nerve 
agent symptoms and medical ailments associated with contamination of nerve agents similar to the more common 


nerve agents of sarin, soman, tabun, and VX; some of these medical ailments can be permanent, i.e. see the Gulf 
war Syndrome. Inhalation of EA-3209 is the most common entry of the deadly agent into the body whereby it is 
rapidly absorbed by the lungs and enters the blood stream in minutes spreading throughout the body and into the 
brain; however, the agent can be absorbed through the eyes, open wounds, and even through skin absorption. 
However, skin absorption takes longer, and once absorbed takes longer to enter the vascular system, thereby 
delaying the toxic effects of the agent by up to 12 hours depending on the amount of lethal agent absorbed. Note: 
currently as of 2012, the UN and NATO, and other world organizations have no information (with the exception of 
this procedure and book), of said agent and thereby have no regulatory restrictions or suppression of manufacturing 
or researching said nerve agent. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent): 9+ Field Stability: 9+in moist environments; 
9+in dry environments 
Persistence (open area): 9+ Storage stability: 9+ (when kept dry) 
Persistence (enclosed area): 9+ Toxicity (as nerve agent): 9+ 


TOTAL EFFECTIVENESS (as specialty nerve agent): 9+ 
OVERALL TOXICITY (as warfare agent): 9+ 
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2-chloro-4-nitro-1-{[5-(4-nitrophenoxy)pentyljoxy}benzene 


Cl 


Or ake -CHy _O. 
2 2 2 2 2 
O~ + +.0 
*N N 
ie Ul 
ie) 
2-chloro-4-nitro-1-{[5-(4-nitrophenoxy)pentylJoxy}benzene 
hexane} 
5% platinum on charcoal 
hydrogen 
100 psi 
40 Celsius 
filterAwash 
evaporate 


cl 
OCH) -CHy _O 
2 HN NH> 


4-{[5-(4-aminophenoxy)pentyl]oxy}-3-chloroaniline 
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5-amino-2-{[5-(4-aminophenoxy)pentyl]oxy}phenol 
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5-amino-2-{[5-(4-aminophenoxy)pentyl]oxy}phenoxy 
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5-amino-2-{[5-(4-trimethylphenylammoniumphenoxy)pentyl]oxy} 
phenoxy-3,3-dimethylbutan-2yl methylphosphonate diiodide 


Step 1: preparation of 1,2-dichloro-4-nitrobenzene 


Into a 3-neck flask, equipped with mechanical stirrer, thermometer, and gas inlet tube, and sitting inside a dry ice 
acetone bath, pour in 500 milliliters of THF, followed by 31 grams of nitrobenzene, and then followed by 10 
grams of anhydrous ferric chloride. Thereafter, turn on the mechanical stirrer to high speed, and rapidly blend 
the ingredients for 15 minutes to form a uniform mix. At the same time chill the ingredients in the 3-neck flask 
down to —20 Celsius. Once the reaction mixture has chilled to —-20 Celsius, begin to bubble into the reaction 
mixture dry chlorine gas at a flow rate of 150 mg per/minute, while rapidly stirring the reaction mixture and 
maintaining its temperature at —-20 Celsius at all times. Continue to bubble into the reaction mixture dry chlorine 
gas until 35.3 grams of dry chlorine gas has been added. Once all the chlorine gas has been added, continue to stir 
the reaction mixture at around —10 to 0 Celsius for about | hour. After 1 hour, remove the cooling bath, and replace 
it with a round bottom heating mantle, and allow the reaction mixture to warm to room temperature. Once the 
reaction mixture has warmed to room temperature, replace the gas inlet tube with a bulb reflux condenser, and then 
add to the reaction mixture 42 grams of pyridine, and then turn on the heating mantle to 90 Celsius, and bring the 
reaction mixture to reflux under moderate stirring. Continue to reflux the reaction mixture at 90 Celsius under rapid 
stirring for about 2 hours. After 2 hours, turn off the heating mantle, and allow the reaction mixture to cool to room 
temperature. Note: continue to stir the reaction mixture during the cool down period. Thereafter, disassemble the 


apparatus, and then pour the entire reaction mixture into a large beaker filled with 1000 milliliters of ice water, and 
then mechanically stir for about 3 hours. After 3 hours, stop stirring, and then filter the stirred diluted reaction 
mixture using a Buchner funnel under strong suction to remove insolubles, wash with three 150-milliliter portions 
of fresh THF, and then allow the filtered reaction mixture to settle at room temperature for | hour; at which time a 
two layer mixture will result. Then, pour the entire two layer reaction mixture into a large separatory funnel, allow 
to stand for 15 minutes, and then drain-off the bottom organic layer, which will contain the desired product, add in 
50 grams of anhydrous sodium sulfate, stir for 45 minutes, then filter-off the sodium sulfate, and then place the 
dried organic layer into a rotary evaporator, and evaporate-off the THF at 50 Celsius under moderate vacuum until 
dry solid remains. When no more THF passes over or is collected, turn off the rotary evaporator, equalize the 
pressure, and then recover the desired product of 1,2-dichloro-4-nitrobenzene from the rotary evaporator once it has 
cooled, and then store in a glass jar and save for step 2. 


Step 2: Preparation of sodium 2-chloro-4-nitrophenolate 


Into a standard vacuum apparatus equipped with mechanical stirrer and thermometer, and sitting inside an ice bath, 
but hooked to a pressure pump and mercury manometer rather then a vacuum pump, place the dried product 
obtained in step 1, followed by 6 grams of lithium hydroxide, and then followed by 750 milliliters of dry 
toluene. Thereafter, turn on the pressure pump and bring the pressure inside the apparatus to 200 psi, and then turn 
on the mechanical stirrer to high speed. Once the reaction mixture has chilled to 0 Celsius, and the pressure has 
reached 200 psi, stir the reaction mixture at said conditions for 4 hours under rapid stirring. After 4 hours, remove 
the ice bath, turn off the pressure pump, equalize the pressure back to STP, and then add a bulb reflux condenser, 
remove the ice bath and replace it with a heating mantle, and then turn on the heating mantle to 110 Celsius under 
rapid stirring. Then bring the reaction mixture to reflux at 110 Celsius under rapid stirring for 3 hours. After 3 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: continue to 
stir the reaction mixture during the cool down period. Thereafter, disassemble the apparatus, and then pour the 
entire reaction mixture into a large beaker filled with 1000 milliliters of ice water, and then mechanically stir for 
about 3 hours. After 3 hours, stop stirring, and then filter the stirred diluted reaction mixture using a Buchner funnel 
under strong suction to remove insolubles, wash with three 150-milliliter portions of fresh toluene, and then 
allow the filtered reaction mixture to settle at room temperature for | hour; at which time a two layer mixture will 
result. Then, pour the entire two layer reaction mixture into a large separatory funnel, allow to stand for 15 minutes, 
and then drain-off the bottom organic layer, which will contain the desired product, add in 50 grams of anhydrous 
sodium sulfate, stir for 45 minutes, then filter-off the sodium sulfate, and then place the dried organic layer into a 
rotary evaporator, and evaporate-off the toluene at 80 Celsius under moderate vacuum until dry solid remains. 
When no more toluene passes over or is collected, turn off the rotary evaporator, equalize the pressure, and then 
recover the left over residue that remains behind from the rotary evaporator once it has cooled, and then add this 
collected residue, and add it in small portions at a time, to a boiling solution of sodium bicarbonate containing 30 
grams of sodium bicarbonate in 1000 milliliters of water, while stirring the boiling solution. Once all the residue 
has been added, continue to stir this aqueous mixture at boiling for 30 minutes, then recrystallize the desired 
product from this boiling aqueous mixture, collect each crop of crystals in a Buchner funnel, and once the volume 
of the aqueous mixture (mother liquor) has been reduced by about 90%, stop the recrystallization process, suction 
dry the collected crystals of the pure 2-chloro-4-nitrophenolate product as best as possible, and then place these 
crystals in an oven, and bake at 105 Celsius until thoroughly dry. Once this point is achieved, retrieve the dried 
desired product of 2-chloro-4-nitrophenolate once it has cooled, and then grind into a powder, and then place it into 
a clean glass jar and store in a cool dry place until use for step 3. 


Step 3: preparation of 2-chloro-1-[(5-chloropentyl)oxy |-4-nitrobenzene 


Into a 3-neck flask equipped with thermometer, addition funnel. and sitting inside a ice/salt bath, place 500 
milliliters of dry benzene, followed by the dried product from step 2, and then chill the reaction mixture to -10 
Celsius. When the temperature of the reaction mixture has cooled to —10 Celsius, add into the addition funnel a 
mixture obtained by adding and dissolving 35 grams of 1,5-dichloropentane into 350 milliliters of dry diethyl 
ether. Now, when the reaction mixture reaches —10 Celsius, slowly add, drop by drop, the ether/1 ,5- 
dichloropentane solution into the reaction mixture over a period of about | hour, while rapidly stirring the reaction 
mixture and maintaining its temperature at —10 Celsius at all times. Once all the ether/1,5-dichloropentane has been 
from the addition funnel into the reaction mixture, continue to stir the reaction mixture at —10 to 0 Celsius for 1 
hour. Thereafter, remove the ice/salt bath and replace it with a heating mantle, and allow the reaction mixture to 
warm to room temperature. Note: continue to stir the reaction mixture during the warm up period. Once the 
reaction mixture has warmed to room temperature, replace the addition funnel with a bulb reflux condenser, turn on 


the heating mantle to 90 Celsius, and bring the reaction mixture to reflux at 90 Celsius under rapid stirring for 2 
hours. After 2 hours, turn off the heating mantle, and allow the reaction mixture to warm to room temperature. 
Note: continue to stir the reaction mixture during the cool down period. Thereafter, disassemble the apparatus, and 
then pour the entire reaction mixture into a large beaker filled with 1000 milliliters of ice water, and then 
mechanically stir for about 3 hours. After 3 hours, stop stirring, and then filter the stirred diluted reaction mixture 
using a Buchner funnel under strong suction to remove insolubles, wash with three 150-milliliter portions of 
fresh diethy] ether, and then allow the filtered reaction mixture to settle at room temperature for | hour; at which 
time a two layer mixture will result. Then, pour the entire two layer reaction mixture into a large separatory funnel, 
allow to stand for 15 minutes, and then drain-off the bottom organic layer, which will contain the desired product, 
add in 50 grams of anhydrous sodium sulfate, stir for 45 minutes, then filter-off the sodium sulfate, and then 
place the dried organic layer into a rotary evaporator, and evaporate-off the benzene/ether at 60 Celsius under 
moderate vacuum until dry solid remains. When no more benzene/ether passes over or is collected, turn off the 
rotary evaporator, equalize the pressure, and then recover the desired product of 2-chloro-1-[(5-chloropentyl)oxy]- 
4-nitrobenzene from the rotary evaporator once it has cooled, and then store in a glass jar and save for step 4. 


Step 4: preparation of 2-chloro-4-nitro-1-{[5-(4-nitrophenoxy)pentylJoxy }benzene 


Into a 3-neck flask equipped with thermometer, addition funnel, and sitting inside a dry ice/acetone bath, place 500 
milliliters of dry fresh THF, followed by the dried product from step 3, and then chill the reaction mixture to -20 
Celsius. When the temperature of the reaction mixture has cooled to —20 Celsius, add into the addition funnel a 
mixture obtained by adding and dissolving 44 grams of para-nitrophenyl magnesium chloride into 500 
milliliters of dry diethyl ether, Now, with reaction mixture at —20 Celsius, slowly add, drop by drop, the 
ether/para-nitrophenyl magnesium chloride solution into the reaction mixture over a period of about 2 hours, while 
rapidly stirring the reaction mixture and maintaining its temperature at —-20 Celsius at all times. Once all the 
ether/para-nitrophenyl magnesium chloride has been added from the addition funnel into the reaction mixture, 
continue to stir the reaction mixture at —10 to 0 Celsius for 1 hour. Thereafter, remove the dry ice/acetone bath, and 
allow the reaction mixture to warm to room temperature. Thereafter, disassemble the apparatus, and then pour the 
entire reaction mixture into a large beaker filled with 1000 milliliters of ice water, and then mechanically stir for 
about 3 hours. After 3 hours, stop stirring, and then filter the stirred diluted reaction mixture using a Buchner funnel 
under strong suction to remove insolubles, wash with three 150-milliliter portions of fresh diethyl ether, and 
then allow the filtered reaction mixture to settle at room temperature for 1 hour; at which time a two layer mixture 
will result. Then, pour the entire two layer reaction mixture into a large separatory funnel, allow to stand for 15 
minutes, and then drain-off the bottom organic layer, which will contain the desired product, add in 50 grams of 
anhydrous sodium sulfate, stir for 45 minutes, then filter-off the sodium sulfate, and then place the dried organic 
layer into a rotary evaporator, and evaporate-off the THE/ether at 60 Celsius under moderate vacuum until dry solid 
remains. When no more THF/cther passes over or is collected, turn off the rotary evaporator, equalize the pressure, 
and then recover the desired product of 2-chloro-4-nitro-1-{[5-(4-nitrophenoxy)pentyl]oxy}benzene from the rotary 
evaporator once it has cooled, and then store in a glass jar and save for step 5. 


Step 5: preparation of 4-{[5-(4-aminophenoxy)penty]]oxy }-3-chloroaniline 


Into a standard vacuum apparatus equipped with mechanical stirrer, gas inlet tube, and thermometer, and sitting 
inside a heating mantle, but hooked to a pressure pump and mercury manometer rather then a vacuum pump, place 
the dried product obtained in step 4, followed by 750 milliliters of dry hexane, and then followed by 5 grams of 
5% platinum on charcoal. Thereafter, turn on the heating mantle to 40 Celsius, and then turn on the pressure 
pump, and bring the pressure inside the apparatus to 100 psi. Once these conditions are met, begin to bubble into 
the reaction mixture dry hydrogen gas at a flow rate of 50 mg per/minute while rapidly stirring the reaction 
mixture and maintaining its temperature at 40 Celsius. Now, as the hydrogen gas is bubbled into the reaction 
mixture it will dissolve in the reaction mixture; now, continue to stir the reaction mixture at 40 Celsius at 100 psi 
until hydrogen gas bubbles begin to evolve. Once hydrogen gas bubbles can be seen evolving, the hydrogenation 
process is complete, and the calculated amount of hydrogen has been absorbed (2.018 grams). Once bubbles of 
hydrogen gas can be seen evolving from the reaction mixture, turn off the hydrogen gas source, turn off the 
pressure pump, equalize the pressure back to STP, and then continue to rapidly stir the reaction mixture at 40 
Celsius for 1 hour. After 1 hour, turn off the heating mantle, and allow the reaction mixture to cool to room 
temperature, and as usual continue to stir the reaction mixture during the cool down period. Thereafter, filter the 
reaction mixture to recover the 5% platinum/charcoal catalyst, wash with three 150-milliliter portions of dry 
hexane, and then pour this filtered reaction mixture into a rotary evaporator, and evaporate-off the hexane at 50 
Celsius under moderate vacuum until dry solid remains. When no more hexane passes over or is collected, turn off 


the rotary evaporator, equalize the pressure, and then recover the desired product of 4-{[5-(4- 
aminophenoxy)pentyl]oxy }-3-chloroaniline from the rotary evaporator once it has cooled, and then store in a glass 
jar and save for step 6. 


Step 6: preparation of 5-amino-2-{[5-(4-aminophenoxy)pentyl]oxy}phenol 


Into a standard reflux apparatus, equipped with mechanical stirrer, thermometer, and bulb reflux condenser, place 
500 milliliters of toluene, followed by 5.34 grams of lithium hydroxide. and then followed by the product 
obtained in step 5. Thereafter, turn on the heating mantle to 110 Celsius, and then reflux the reaction mixture at 110 
Celsius under rapid stirring for 3 hours. After 3 hours, turn off the heating mantle, and allow the reaction mixture to 
cool to room temperature. Note: continue to rapidly stir the reaction mixture during the cool down period. 
Thereafter, disassemble the apparatus, and then pour the entire reaction mixture into a large beaker filled with 1000 
milliliters of ice water, and then mechanically stir for about 3 hours. After 3 hours, stop stirring, and then filter the 
stirred diluted reaction mixture using a Buchner funnel under strong suction to remove insolubles, wash with three 
150-milliliter portions of fresh toluene, and then allow the filtered reaction mixture to settle at room temperature 
for | hour; at which time a two layer mixture will result. Then, pour the entire two layer reaction mixture into a 
large separatory funnel, allow to stand for 15 minutes, and then drain-off the bottom organic layer, which will 
contain the desired product, add in 50 grams of anhydrous sodium sulfate, stir for 45 minutes, then filter-off the 
sodium sulfate, and then place the dried organic layer into a rotary evaporator, and evaporate-off the THF/ether at 
80 Celsius under moderate vacuum until dry solid remains. When no more THF/ether passes over or is collected, 
turn off the rotary evaporator, equalize the pressure, and then recover the desired product of 5-amino-2-{[5-(4- 
aminophenoxy)pentyl]oxy}phenol from the rotary evaporator once it has cooled, and then store in a glass jar and 
save for step 7. 


Step 7: preparation of 5-amino-2-{[5-(4-aminophenoxy)pentyl]oxy} phenoxy-3,3-dimethylbutan-2y] 
methylphosphonate 


Into a 3-neck reflux apparatus, equipped with motorized stirrer, thermometer, and addition funnel, pour in 750 
milliliters of dry hexane, and then followed by the product obtained in step 6. Thereafter, pour in the addition 
funnel a solution prepared by adding and dissolving 44.21 grams of 3,3-dimethylbutan-2-yl 
methylphosphonochloridate into 500 milliliters of dry benzene, and then turn on the heating mantle to 80 
Celsius under rapid stirring, and once the reaction mixture has reached reflux under stirring, slowly add, drop by 
drop, the 3,3-dimethylbutan-2-yl methylphosphonochloridate/hexane solution into the reaction mixture. Once all 

the 3,3-dimethylbutan-2-yl methylphosphonochloridate/hexane solution has been added, continue to reflux the 
reaction mixture at 80 Celsius under stirring for 1 hour. After 1 hour, reduce the temperature of the reaction mixture 
to 60 Celsius under stirring for 30 minutes, and then turn off the heating mantle and stirrer, and then quickly 
disassemble the apparatus, and then pour the hot reaction mixture into a clean suitable sized beaker equipped with 
mechanical stirrer, and then add in, in small portions at a time, 25 grams of anhydrous sodium carbonate while 
stirring rapidly. Once all the sodium carbonate has been added, allow the reaction mixture to cool to room 
temperature. Then, pour the entire reaction mixture into a large beaker filled with 1000 milliliters of ice water, and 
then mechanically stir for about 3 hours. After 3 hours, stop stirring, and then filter the stirred diluted reaction 
mixture using a Buchner funnel under strong suction to remove insolubles, wash with three 150-milliliter portions 
of fresh hexane, and then allow the filtered reaction mixture to settle at room temperature for | hour; at which time 
a two layer mixture will result. Then, pour the entire two layer reaction mixture into a large separatory funnel, 
allow to stand for 15 minutes, and then drain-off the bottom organic layer, which will contain the desired product, 
add in 50 grams of anhydrous sodium sulfate, stir for 45 minutes, then filter-off the sodium sulfate, and then 
place the dried organic layer into a rotary evaporator, and evaporate-off the hexane at 50 Celsius under moderate 
vacuum until dry solid remains. When no more hexane passes over or is collected, turn off the rotary evaporator, 
equalize the pressure, and then recover the desired product of 5-amino-2-{[5-(4- 
aminophenoxy)pentyl oxy} phenoxy-3,3-dimethylbutan-2yl methylphosphonate from the rotary evaporator once it 
has cooled, and then store in a glass jar in a desiccator over phosphorus pentoxide until use for step 8. 


Step 8: preparation of EA-3209 


Into a 3-neck reflux apparatus, equipped with motorized stirrer, and thermometer, pour in 1000 milliliters of 99 % 
ethanol, followed by 190 grams of methyl iodide. and then followed by 71 grams of anhydrous sodium 
carbonate. Thereafter, stir this reaction mixture at room temperature for 30 hours. After 30 hours, turn on the 
heating mantle to 80 Celsius, and bring the reaction mixture to reflux at 80 Celsius under rapid stirring for 48 


hours. After 48 hours, turn off the heating mantle and motorized stirrer, and then quickly disassemble the apparatus, 
and filter the hot reaction mixture using Buchner funnel under strong suction, and then place this hot filtered 
reaction mixture into a rotary evaporator, and evaporate-off the 99% ethanol at 65 Celsius under moderate vacuum 
until no more ethanol passes over or is collected. Once this point is achieved, turn off the rotary evaporator, 
equalize the pressure, and then recover the left over messy residue once it has cooled, and then place this collected 
messy residue into a suitable sized beaker, equipped with mechanical stirrer and containing 750 milliliters of dry 
chloroform, and then rapidly stir this chloroform mixture for | hour at room temperature. After | hour, filter the 
chloroform mixture to remove insolubles, wash with three 150-milliliter portions of fresh dry chloroform, and 
then place the filtered chloroform mixture into a rotary evaporator, and evaporate-off the chloroform at 55 Celsius 
under moderate vacuum until dry solid remains. When no more chloroform passes over or is collected, turn off the 
rotary evaporator, equalize the pressure, and then recover the desired product of EA-3209 from the rotary 
evaporator once it has cooled, and then recrystallize the desired product from a pre-prepared solvent mixture 
composed of 500 milliliters of 99% ethanol and 500 milliliters of ethyl acetate, collect each crop of crystals in a 
Buchner funnel, and once the volume of the solvent mixture (mother liquor) has been reduced by about 85%, stop 
the recrystallization process, suction dry the collected crystals of the pure EA-3209 product as best as possible, and 
then place these crystals in an oven, and bake at 90 Celsius until thoroughly dry. Once this point is achieved, 
retrieve the dried desired product of EA-3209 once it has cooled, and then grind into a powder, and then place it 
into a clean glass jar and store in a cool dry place until use. 


Chapter 03: Nerve Agent Antidotes 


Overview 


Nerve agent antidotes are a series of compounds called alkyl oximes of pyridines that usually come in the form of 
chloride, iodide, bromide, or sulphonate salts. The most common nerve agent antidote is pyridine-2-aldoxime 
methachloride otherwise known as 2-PAM Chloride, which is usually injected directly into the blood stream along 
with atropine to counter the effects of organophosphate poisoning. The pyridine oxime salts act as "getters" 
meaning they bond with organophosphate-inactivated acetyl cholinesterase, removing the phosphate poison, and 
hence "reactivating" the site. In other words, when a victim is poisoned by nerve gas or other organophosphates 
(which are anti-cholinesterase blocking agents), the nerve agent binds with acetyl cholinesterase by attaching it self 
and hence preventing or "blocking" cholinesterase and in essence preventing the brain from sending and receiving 
signals to the body. Now the exact physicallogical and biological actions are very unrequited, and complicated and 
involve various enzymes, and biological compounds that correspond to, and react with cholinesterase. Nerve agents 
attack these cholinesterase sites, and in essence is like a electric circuit being cut, and hence the brain cannot 
transfer or send messages to that cholinesterase site, and the body begins to die; however, the pyridine oxime salts 
attacks the site where cholinesterase has been inhibited by a nerve agent, and attaches it self to the nerve agent, 
removing and blocking its action of inhibiting acetyl cholinesterase, and hence, reactivating the cholinesterase to 
normal function, and allowing the brain to commence with biological and enzymatic responses allowing the body 
to recover and stabilize back to a normal state. As briefly mentioned, the pyridine oxime salts are usually used in 
combination with atropine, which helps and acts like a muscarinic antagonist, allowing the pyridine oxime salts to 
restore normal biogenetic responses to the muscles of the body, otherwise known to reduce the parasympathetic 
effects caused by nerve agent poisoning. Pyridine oxime salts have poor blood-brain barrier penetration, and hence 
induce paralyses of the bodies muscular system, and have poor central nervous system activity leading to 
respiratory depression. This is where the atropine comes into play, as it has excellent blood-brain barrier 
penetration, and central nervous system responses, allowing the nerve agent antidote to successfully remove the 
organophosphate poison, reactivating the cholinesterase site to normal function, and along with the said atropine 
allowing proper central nervous system and muscular biogenetic responses allowing oxygen and enzymes to 
function properly discontinuing any potential depression of said muscular and central nervous system as a result of 
administration of nerve agent antidotes, and also as a result of organophosphate poisoning. 


Conventionally, nerve agent antidotes mainly the chloride salt of 1-methyl-pyridinium-2-aldoxime are highly 
effective at treating organophosphate poisoning, but only when intravenously injected within 30 minutes of 
exposure to nerve gas, or within 5 minutes orally when exposed to nerve gas. The usual dosage through injection in 
the average man is 30 to 40mg/Kg, and 20 to 30mg/Kg in children. In both cases, it is very important that the 
corresponding doses be administered as soon as possible when intoxicated by nerve gas, as the longer the nerve gas 
remains in the body, the less chance of reversing, i.e., reactivating acetyl cholinesterase. In many cases, many nerve 
agents when inhaled in lethal concentrations, the victim will have very little time before death, depending on body 
weight, metabolism, and age. For example, if a 180 pound man, inhales or is exposed otherwise to a lethal 
concentration of any given nerve agent, this person will have about 5 to 7 minutes to inject himself with 2-PAM 
chloride (1 to 2 grams) and atropine (3 to 6 mg) before the nerve agent passes what is called the boarder-line, 
meaning if the man exposed injects himself with the 2-~PAM chloride and atropine after 5 to 7 minutes, the nerve 
agent antidotes will have only a 24% chance of counteracting the deadly effects of the nerve agent. 

Now, persons exposed to non-lethal amounts of nerve agents, will undergo therapeutic intravenous injection of 
nerve agent antidotes, and atropine, usually over a period of 1 to 2 hours; however, many documented cases of 
American soldiers returning home from the first Gulf War, complained of suffering from a wide variety of medical 
ailments including delusions, persistent on going feelings of fatigue and muscular weakness, brain disorders, on 
going weight loss/weight gain, on going feelings of depression/anxiety, on going panic attacks, IBS, and other 
gastrointestinal problems, stupor, penile problems, on and off going sensations of breathing difficulties very similar 
to asthma, and many other disorders. These classifications were later dubbed by the media "the gulf war 
syndrome". Evidence shows that this Gulf War Syndrome, is the result of US soldiers being exposed to non-lethal 
amounts of nerve gas, and the suffering effects thereof (without intravenous injection therapy, i.e. 2-PAM 
chloride/Atropine), occurring and beginning within 6 to 9 months after the fact of being exposed. It is most likely 
that subjects, based on animal testing, have demonstrated that non-lethal amounts of nerve agent attacks the acetyl 
cholinesterase enzymatic sites in the usual manner, but only to the point of inactivating the cholinesterase enzymes, 
and penetrating the cell walls, and attacking the DNA/RNA of the victim, and hence causing mutagenic effects 
commonly found with people who have died from dimethyl nitrosamine poisoning, and/or long term chronic 


exposure to nitrous oxide, the two are classified as mutagens, meaning they are capable of damaging a persons cells 
ona genetic level. 


The pharmalogical effect of nerve agents, is primarily due to the inhibition of cholinesterase enzymes throughout 
the body. The most effective form of treatment is the well known 2-PAM chloride and atropine, which are of coarse 
injected directly into the body. For proper administration during a chemical attack, the soldier should inject himself 
with the issued 2-PAM chloride needle, directly into the thigh, or butt-cheek, followed by the atropine needle 
injected into the thigh or butt-cheek. The effectiveness of 2-PAM chloride is the fact that it is water soluble, has a 
high oxime content per mole of compound, these simple, yet complex characteristics make it highly attracted to the 
acetyl cholinesterase sites that have been attacked by organophosphates. Now it does not take much nerve agent to 
kill an average soldier due to the fact that the nerve agent binds with the vital acetyl cholinesterase enzymatic sites 
on a one-to-one ratio per molecule causing central nervous system depression, leading to paralyses followed by 
death due to respiratory collapse. The pharmacological effects of anti-cholinesterase's as seen in nerve agents, may 
be ascribed to the inhibition of cholinergic enzymes caused by the accumulation of actylcholine in the effecter 
organs. The main actions of these nerve agent compounds cause the following medical symptoms: 1. Muscarine- 
like effect, manifgestided nausea, vomiting, abdominal cramps, diarrhea, sweating, increased salvation, bronchial 
secretion, and bradycardia. 2. Effect on the central nervous system, characterized by anxiety, headache, ataxia, 
coma, convulsions, death, 3. Nicotinic, most important that being of muscular paralyses. Lethal doses of nerve 
agents results in paralyses of respiration by both central peripheral effects, with consequential death unless prompt 
and speedy introduction of nerve agent antidotes mainly 2-PAM chloride and Atropine are administered very 
promptly after intoxication. However, even if subjects that have been exposed to lethal quantities of nerve agent, 
there is still no guarantee of reversing the poisoning effects of nerve agents even if proper antidotes are 
administered. Now large doses of atropine diminish the effects of muscarine like effects, and partially alleviate the 
depression of central nervous system enzymatic effects, caused by said agents, the peripheral neuromuscular 
blockade (nicotinic effect), is not appreciably diminished. The neuromuscular blockade, attributable to the 
accumulation of acetylcholine at the motorend-plate, persists until partial restoration of cholinesterase activity can 
be brought about with proper and prompt anti-cholinesterase inhibiting agents like 2-PAM chloride are 
administered in proper dosage and time. The effectiveness of pyridine aldoxime salts in treating anti-cholinesterase 
intoxication is largely attributed to their ability to overcome the neuromuscular blockade. The reversal of the 
neuromuscular blockade produced by nerve agents is said to believe due to reactivation of muscle cholinesterase, 
which is effected by mainly injection of 2-PAM chloride along with atropine. 

Now, the average dosage through injection of nerve agent poisoning can vary depending on the nerve agent, and 
the weight of the subject; for example, with the nerve agent sarin, the usual and active dose of antidote in the 
average man has been calculated to be around 12 to 28mg/Kg; however, other nerve agents like VX, require a 
higher dose, ranging from 21 to SOmg/Kg. This delivers a surprising difficulty in being able to treat soldiers 
exposed to various nerve agents, and even some nerve agents require high doses of atropine, which can be fatal in 
some subjects. Even though the pyridine oxime salts mainly 2-PAM chloride, are highly effective at reversing the 
intoxicating effects of nerve agent exposure, in many laboratory tests, in some cases as much of 80% of the oxime, 
and 50% of the atropine was found in the urine of treated animal subjects; however, this does not necessarily 
attribute itself in humans, but estimated calculations have determined that humans would excrete a percentage of 
the antidotes, making it more difficult to properly diagnose, and reverse the effects of nerve agent poisoning, i.e. 
the dosages 2-PAM chloride and atropine. Therefore, it is common military practice to place a intoxicated subject 
(after the initial injection of the antidotes), and put them on a slow i.v. of about 500mg of 2-PAM chloride per hour 
for 12 hours, and i.v. injection of about 1.2mg of atropine per hour for 12 hours. 


In any sense, nerve agents attack and destroy acetyl cholinesterase by a series of complex enzymatic reactions 
called "phosphorylation", where by acetyl cholinesterase receptor sites are blocked and enzymatic induction ceases. 
The exact biological processes will not be discussed here, but this phosphorylation, is counteracted by the use of 
nerve agent antidotes like 2~-PAM chloride, which attaches itself to the phosphate-enzymatic receptor blocking 
agent, removing it, and reactivating the enzymatic site. Atropine is used in conjunction with 2-PAM chloride or 
other pyridine aldoxime salts, to serve as a brain-blood barrier infusion, and increasing muscular activity, and 
decreasing the depression of the central nervous system. In essence, the pyridine aldoxime salts work in 
conjunction with atropine, and if a soldier exposed to nerve gas was to only use the pyridine aldoxime salts without 
the aid of atropine, the victim would continue to suffer from CNS depression, difficulty breathing, slow heart rate, 
and salvation of the lungs. Therefore, Atropine is widely used to treat the organophosphate poisoning in 
conjunction with pyridine aldoxime salts by reducing the blocking of muscarinic acetylcholine receptors, which 
without atropine, would become dangerously over active or over stimulated as a result of accumulation of 
acetylcholine. Atropine's actions on the parasympathetic nervous system in combination with pyridine alkyl 


aldoxime salts to inhibit salivary and mucus glands along with inhibiting sweating, and this can be used to treat and 
prevent hyperhidrosis, and along with pyridine alkyl aldoxime salts such as 2-PAM Chloride can prevent death due 
to cardiac arrest and/or respiratory collapse. In the treatment of nerve agent intoxication, atropine is not really an 
antidote for the poisoning, but atropine is a necessity when used along with pyridine alkyl aldoxime salts by acting 
as a blocking agent against acetylcholine at the muscarinic receptors. Atropine also helps relieve symptoms of 
organophosphate poisoning, these common symptoms include excessive salvation, urinary distress (often painful 
and bleeding during urination, effects that can last for hours after initial antidote is administered without atropine), 
diaphoresis, lacrimination of skin and tissue, gastrointestinal disorders, and the long term effects of emesis if 
atropine is not administered, along with other symptoms, mainly by controlling nervous system depression, and 
acetylcholine build up. In essence, Atropine is used in conjunction with pyridine aldoxime salts as atropine acts as 
blocking agent against muscarinic acetylcholine receptors, which would otherwise cause excessive acetylcholine 
accumulation, and accompanied by a vast array of symptoms, some of which can last for hours to days. Atropine is 
a valuable drug that needs to be used in conjunction with pyridine aldoxime salts to treat nerve agent poisoning. As 
far as blocking acetylcholine receptor sites, atropine also suppresses bronchial secretions and lachrymatory effects, 
along with opposing and reversing actions of intoxication of the vagus nerve, and by far the most important 
attribute atropine serves is that it increases action of the sinoatrial node, and functions to increase atrioventricular 
node of the heart. Special note: unlike Hollywood movies, and other media, nerve agent antidotes, including 
atropine are never, ever, injected directly into the heart, doing so would cause death. Also, exposure to nerve agents 
does not melt your skin, or make you bleed from your various orifices! 99% of all deaths resulting from nerve agent 
poisoning is through respiratory failure. 


Atropine must be used in conjunction with pyridine aldoxime salts to prevent atropine side effects. Atropine is a 
powerful and potent drug that when overdosed, causes a wide plurality of illnesses, some of them may be fatal. 
Such symptoms include hallucinogens (no where near that of BZ, or LSD), excitation (as a result of the ability of 
atropine to pass through the blood-brain barrier), confusion and stupor, dizziness, nausea, vomiting. and 
supraventricular tachycardia, and ventricular fibrillation. This latter is one reason why atropine is used in patients 
who are suffering from cardiac arrest. Atropine helps treat slow heart rates in emergency situations. Nevertheless, 
overdose of atropine causes incapacitating results in doses over 25 mg in the average man, and the LD through 
i.v. ranging from 120 to 136 mg per person. Now, dosages through i.v. of 53 to S59 mg per person can produce 
hallucinations, excitation, and stimulation of the central nervous system resembling that of intoxication of cocaine, 
but with a higher rate of atropine overdose possibly resulting in death. 


Even though 2-PAM chloride, bromide, iodide, and sulfonate are the most common pyridine aldoxime salts used to 
treat nerve agent poisoning, there also exists derivatives of said compounds that when injected into the blood 
stream of warm blooded animals, they exist in a non ionic form so to allow passage through the blood-brain barrier, 
after which, the said compound derivatives are enzymatically oxidized to 2-PAM or the corresponding pyridinium 
aldoxime at its therapeutic sites of activity. The derivatives can also be taken orally with great success, as they are 
rapidly absorbed in the digestive tract, and introduced into the blood stream with little abandonment or excretion of 
the antidote, after which, the said compound derivatives are enzymatically oxidized to 2-PAM or the corresponding 
pyridinium aldoxime at its therapeutic sites of activity. According to this revelation, in the physiological action of 
acetyl cholinesterase an acetyl enzyme is formed, which then reacts with water (within in the receptor sites) to form 
acetate and enzyme. In the reactions of orgonphosphorus poisoning, a phosphorylated enzyme is formed which, 
however, does not react with water (at the receptor sites), and the phosphoryl group remains attached to the enzyme 
and the enzyme is inhibited. Since it is a vital enzyme for proper nerve function, death occurs, if not treated 
promptly, depending on the extent of intoxication, and not treated with the usual nerve agent antidotes. 
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2-PAM chloride form colorless to white crystals when recrystallized from alcohol/ether, or white granules when 
recrystallized from aqueous solutions. The melting point ranges from 235 to 238 Celsius with decomposition 
beginning around 239 Celsius. 2-PAM chloride can be volatized in strong vacuum (5 to 8mm of mercury) at 170 to 
180 Celsius. The compound is readily soluble in water, but only moderately soluble in a 50/50 methanol/ether 


solution, and relatively insoluble in most organic solvents. As obviously taken, 2-PAM chloride is a potent 
cholinesterase re-activator used to treat nerve agent poisoning. The agent is usually dissolved in de-ionized double 
distilled water for use in making auto-injecting needles that are then issued to soldiers and emergency personnel. 
These injectors are then injected directly into the thigh area of a casualty for average soldiers (150 to 250 pounds) 
(not into the heart; this would cause death); injected into one of the butt cheeks of casualties of smaller weight 
and size, including children (under 150 pounds). 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent antidote, in Estimated Incapacitating dose (in mg/Kg 
combination with atropine): 10 through i.v.): 55 to 70 for 180 pound man 
Most estimated effective dose (mg/per Kg): 15 Storage stability: 10 (when kept dry) 
to 25 
Degradation, or urinary excretion (on Toxicity (as nerve agent antidote through i.v.): 
average): 21 to 23% of original dose LDso: 95 to 110 mg/Kg 
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Step 1: Preparation of pyridine-2-aldoxime 
Process No. 1: preparation of 2-chloropyridine 


Into an apparatus as illustrated in the far left illustration as follows, pour into the reaction flask 197 grams of pure 
dry pyridine, followed by 750 milliliters of dry hexane, and then followed by 20 grams of anhydrous ferric 
chloride. Thereafter, chill these ingredients to 0 Celsius using the salt/ice bath as illustrated. Once the reaction 
ingredients reach 0 Celsius, turn on the motorized stirrer to high speed, and then begin to bubble into the reaction 
mixture dry chlorine gas (free from impurities) at a flow rate of 150 mg per/minute while maintaining the reaction 
mixtures temperature at 0 Celsius under rapid stirring until 177 grams of chlorine gas has been added. Once all the 


chlorine has been added, remove the salt/ice bath, and allow the reaction mixture to cool to room temperature. Once 
it has, disassemble the apparatus, and then pour the entire reaction mixture into an apparatus as illustrated in the 
middle apparatus as shown below, and then add in 237 grams of baking soda, and then turn on the motorized 
stirrer to high speed, and then turn on the heating mantle to 80 Celsius and bring the reaction mixture to reflux 
under rapid stirring. Continue to reflux the reaction mixture under rapid stirring for 2 hours at 80 Celsius. After 2 
hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: continue to 
rapidly stir the reaction mixture during the cool down period. Once the reaction mixture has cooled to room 
temperature, disassemble the apparatus, and then filter-off the insoluble by-products of sodium chloride using a 
Buchner funnel under moderate suction, wash with three 250-milliliter portions of fresh dry hexane, and then 
pour the filtered reaction mixture into the apparatus illustrated on the right, and then three-path triple distill the 
reaction mixture at 175 Celsius. The desired product, which is a solid, melting at 65 Celsius, will be molten in the 
first receiver flask as illustrated using a heater so it can be easily poured out, once the distillation is complete. 
When no more desired product comes over. stop the distillation process, and then quickly remove the receiver flask 
containing the molten desired product of 2-chloropyridine, and pour it into a crystallizing dish, and allow it to 
solidify. Once it has cooled and solidified, break it up into a powder using any desired means, and then place the 
powdered desired product of 2-chloropyridine into a glass jar, and store in a cool dry place until use for Process No. 
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Process No. 2: preparation of pyridin-2-ol 


Into a standard reflux apparatus, equipped with motorized stirrer, thermometer, and reflux bulb condenser, pour in 
700 milliliters of dry toluene, followed by the 2-chloropyridine product from Process No. 1, and then add in all at 
once, 68 grams of pure dry potassium hydroxide powder. Thereafter, turn on the motorized stirrer to high speed, 
and then turn on the heating mantle to 110 Celsius and bring the reaction mixture to reflux. Thereafter, reflux the 
reaction mixture at 110 Celsius under rapid stirring for 12 hours. After 12 hours, turn off the heating mantle, and 
allow the reaction mixture to cool to room temperature. Note: continue to rapidly stir the reaction mixture during 

the cool down period. Once the refluxed reaction mixture has cooled to room temperature, disassemble the 
apparatus, and then filter-off the insoluble by-product of potassium chloride using a Buchner funnel under 

moderate suction, wash with three 150-milliliter portions of fresh dry toluene. and pour the filtered reaction 
mixture into a rotary evaporator, and evaporate-off the toluene at 80 Celsius under moderate vacuum until no more 
toluene passes over or is collected, and a thick icky residue remains behind. Once this point is achieved, turn off the 
rotary evaporator, equalize the pressure, and then remove the left over icky residue, and pour it into a suitable sized 
beaker containing 500 milliliters of ethyl acetate, and 500 milliliters of acetone, and using a motorized stirrer, stir 
this mixture for 3 hours at room temperature. After stirring for 3 hours, stop the stirring, and then immediately filter 
the solvent mixture using a Buchner funnel under strong suction (to remove insoluble impurities), and then 
recrystallize the desired product from this filtered solvent mixture. Note: use a clean Buchner funnel to collect the 
crystals during the recrystallization process. Once the bulk of the desired product has been obtained, and the mother 
liquor is super low in volume, stop the recrystallization process, and then thoroughly suction dry the collected 


crystals from the recrystallization process, and then take these crystals, which will be the desired product of 
pyridin-2-ol, and place these crystals in an oven, and bake at 90 Celsius until thoroughly dry. Once this point is 
achieved, retrieve the dried desired product once it has cooled, and then place it in a desiccator over concentrated 
sulfuric acid until use for Process No. 3. 


Process No. 3: preparation of pyridine-2-carbaldehyde 


Into an apparatus as illustrated in the following, pour into the reaction flask 750 milliliters of dry pure isopropyl 
ether, followed by 100 grams of powdered anhydrous sodium sulfate, and then followed by the pyridin-2-ol 
prepared in process number 2. Thereafter, turn on the motorized stirrer to high speed, and prepare a salt/ice bath as 
illustrated, and chill the ingredients in the reaction flask to 0 Celsius. Once the ingredients in the reaction flask have 
reached 0 Celsius, purge the apparatus with dry pure nitrogen gas for 5 minutes, and thereafter, begin to bubble into 
the reaction mixture formaldehyde gas and dry nitrogen gas at a flow rate of 150mg per/minute (50:50 mixture of 
formaldehyde and nitrogen), and continue to add the formaldehyde gas until 37 grams have been added. Note: it 
is very important to keep the temperature of the reaction mixture at 0 Celsius at all times during the addition of the 
formaldehyde. Once the desired amount of formaldehyde has been added, stop the addition of further formaldehyde 
but continue to purge the apparatus with dry nitrogen gas while rapidly stirring the reaction mixture and 
maintaining its temperature at 0 Celsius for 4 hours. Now, after 4 hours, turn off the motorized stirrer, turn off the 
nitrogen gas purge, and then disassemble the apparatus by removing the salt/ice bath, and replacing it with a round 
bottom heating mantle, and replace the Snyder column (illustrated on the right number 3 neck), and replace it with 
a standard bulb reflux condenser, but keep the gas inlet tube on the Ist neck of the flask and, and then turn on the 
heating mantle and bring the reaction mixture to reflux at 80 Celsius under moderate stirring under a dry nitrogen 
atmosphere. Continue to reflux and stir the reaction mixture at 80 Celsius for 1 hour at 80 Celsius under a dry 
nitrogen atmosphere. After 1 hour of refluxing, turn off the heating mantle, and allow the reaction mixture to cool 
to room temperature. Note: during the cool down period continue to rapidly stir the reaction mixture and maintain a 
dry nitrogen gas purge. Once the reaction mixture has cooled to room temperature, turn off the nitrogen gas purge, 
disassemble the apparatus, and then filter-off the insoluble sodium sulfate using a Buchner funnel under moderate 
suction, wash with two 150-milliliter portions of fresh dry isopropyl ether, and then collect the filtered reaction 
mixture, and pour it into a rotary evaporator, and evaporate-off the isopropyl ether at 65 Celsius under moderate 
vacuum until no more ether passes over or is collected and a sticky liquid residue remains. Once this point is 
achieved, turn off the rotary evaporator, equalize the pressure, and then collect the sticky liquid residue, and place it 
into a standard fractional distillation apparatus (with nitrogen gas inlet tube to form an inert atmosphere free from 
moisture and oxygen), and fractionally distill the residue at 181 Celsius until no more liquid product distills over. 
When no more liquid distills over, stop the distillation process and turn off the nitrogen gas purge, and then quickly 
remove the receiver flask containing the liquid product of pyridine-2-carbaldehyde, stopper it. and place it in a 
desiccator over sodium hydride until use for process number 4. Note: pyridine-2-carbaldehyde is moisture and 
oxygen sensitive. 
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Process No. 4: preparation of pyridine-2-aldoxime 


Into an apparatus as similar to the one illustrated in process number 3 (for formaldehyde/nitrogen gas addition), 
pour into the reaction flask 750 milliliters of dry pure methanol, followed by 100 grams of powdered 
anhydrous sodium sulfate, followed by the pyridine-2-carbaldehyde prepared in process number 3. Thereafter, 
turn on the motorized stirrer to high speed, and then begin a nitrogen gas purge of the apparatus, and then prepare a 
salt/ice bath in the usual manner, and chill the ingredients in the reaction flask to 0 Celsius. Once the ingredients in 
the reaction flask have reached 0 Celsius, continue to purge the apparatus with dry pure nitrogen gas, and then for a 
moment of about 10 to 15 minutes (make sure the pyridine-2-carbaldehyde has been completely dissolved in the 
methanol), remove the nitrogen gas inlet tube from the apparatus, replace with a glass powder funnel, and then 
slowly add, while rapidly stirring the reaction mixture, 38 grams of free base hydroxylamine in 500 milligram 
portions at a time. Continue to rapidly stir the reaction mixture and maintain its temperature at 0 Celsius at all times 
during the addition of the hydroxylamine. Once all the hydroxylamine has been added, immediately put the 

nitrogen gas inlet tube back into position, and continue to purge the apparatus with dry nitrogen, while rapidly 
stirring the reaction mixture and maintaining a temperature of 0 to 5 Celsius for 2 hours. Now, after 2 hours, as in 
process number 3, remove the salt/ice bath, and replace it with a round bottom heating mantle, and replace the 
Snyder column (illustrated on the right number 3 neck), and replace it with a standard bulb reflux condenser, but 
keep the gas inlet tube on the 1“ neck of the flask and then turn on the heating mantle and bring the reaction 
mixture to reflux at 70 Celsius under moderate stirring under a dry nitrogen atmosphere. Continue to reflux and stir 
the reaction mixture at 70 Celsius for about 90 minutes under a dry nitrogen atmosphere. After refluxing for 90 
minutes, turn off the heating mantle, and allow the reaction mixture to cool to 45 Celsius. Now, once the refluxed 
reaction mixture has cooled to 45 Celsius, quickly disassemble the apparatus while still hot, and then filter the 
reaction mixture to remove insoluble sodium sulfate and impurities. Then as usual, wash these filtered-off 
impurities with two 150-milliliter portions of fresh pure methanol, and then collect the filtered reaction mixture, 
and pour it into a rotary evaporator, and evaporate-off the methanol at 55 Celsius under moderate vacuum until no 
more methanol passes over or is collected and a sticky residue remains. Once this point is achieved, turn off the 
rotary evaporator, equalize the pressure, and then collect the sticky residue, which will be predominantly the 
desired product of pyridine-2-aldoxime, and then recrystallize this desired product from 1000 milliliters of fresh 
dry hot methanol, and then collect each crop of crystals in a Buchner funnel, and once the volume of the methanol 
mixture (mother liquor) has been reduced by about 90%, stop the recrystallization process, suction dry the collected 
crystals of desired product as best as possible, and then place these crystals in an oven, and bake at 79 Celsius until 
thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and then place it 
in a desiccator over concentrated sulfuric acid, and store this desiccator in a freezer at —5 Celsius for prolonged 
storage, or place the desiccator in a refrigerator for short term storage until use for step 2. Note: the desired product 
of pyridine-2-aldoxime regardless, should be used within 30 days of preparation. 


Step 2: Preparation of 2-PAM Chloride 


Into an apparatus as shown on the left side of the following illustration, pour into the 3-neck reaction flask, 650 
milliliters of pure tetranitromethane, followed by 120 grams of pyridine-2-aldoxime (obtained in step 1), and 
then secure a dry ice/acetone bath as illustrated (40% dry ice/60% acetone), and chill the ingredients in the reaction 
flask down to —30 Celsius. Then, pour into the special addition funnel, 50 grams of pre-chilled liquid methyl 
chloride as illustrated. Then begin a nitrogen purge, to flush out any moisture and oxygen. Now, once the 
ingredients in the reaction flask have cooled to —30 Celsius, turn on the motorized stirrer to moderate speed, and 
then begin to drip in, slowly, the liquid methyl chloride from the special addition funnel, while maintaining the 
temperature of the reaction mixture at -30 to -15 Celsius at all times. Once all the liquid methyl chloride has been 
added, continue to stir the reaction mixture at —30 Celsius for about 2 hours under nitrogen atmosphere. After 2 
hours, quickly turn off the nitrogen gas purge, remove the dry ice/acetone bath, and then quickly disassemble the 
apparatus, and then pour the entire reaction mixture (while its still cold), into an apparatus as illustrated in the right 
of the following illustration. Now, turn on the heating mantle to 126 Celsius, and begin a argon gas purge and using 
a pressure pump, bring the pressure inside the apparatus to 500 psi. Then bring the reaction mixture to reflux at 126 
Celsius, and reflux under argon atmosphere and rapid stirring for 3 hours. After 3 hours, the reaction will be 
complete; therefore, turn off the pressure pump, equalize the pressure in the usual manner, turn off the heating 
mantle, and remove the argon gas purge, and allow the reaction mixture to cool to room temperature. Note: as 
usual, continue to rapidly stir the reaction mixture during the cool down period. Once the reaction mixture has 
cooled to room temperature, disassemble the advanced apparatus, and allow the reaction mixture in the 3-neck 
reaction flask to stand at room temperature overnight. Note: use three glass stoppers to seal-off the 3-neck flask 
from the atmosphere. After standing overnight, open up the 3-neck flask, and pour the entire reaction mixture into a 


suitable sized beaker, and then add in 500 milliliters of acetone. Note: upon the addition of the acetone, the desired 
product of 2-PAM Chloride will crystallize out. Stir this acetone mixture manually for about 45 minutes, and then 
filter-off the insoluble crystals of 2-PAM Chloride using a Buchner funnel under moderate suction, wash with two 
150-milliliter portions of fresh acetone, and then suction dry as best as possible. Thereafter, recrystallize the 
suction dried crystals from 750 milliliters of boiling 99% dry methanol. Then recrystallize this desired product 
(see recrystallization for proper technique), collect each crop of crystals in a Buchner funnel, and once the volume 
of the methanol (mother liquor) has been reduced by about 90%, stop the recrystallization process, suction dry the 
collected crystals of desired product as best as possible, and then place these crystals in an oven, and bake at 85 
Celsius until thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and 
then place it into a amber glass bottle and store in a cool dry place until use. 
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(E)-N-hydroxy-1-(pyridin-2-yl)methanimine 
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Into a standard apparatus as shown in the following illustration, pour into the 3-neck reaction flask, 650 milliliters 
of pure nitrobenzene, followed by 120 grams of freshly prepared pyridine-2-aldoxime (process No. 4), and 
then secure a gas inlet tube as illustrated, and then turn on the motorized stirrer, followed by the heating mantle. 
and bring the reaction mixture to reflux at 212 Celsius. Then begin a nitrogen purge, to flush out any moisture and 
oxygen. Now, once the ingredients in the reaction flask begin to reflux at 212 Celsius, begin to bubble into the 
reaction mixture, dry methyl chloride at a flow rate of 100mg per/minute while rapidly stirring the reaction mixture 
under reflux at 212 Celsius. Once all the methyl chloride gas has been added (50 grams), continue to reflux the 


reaction mixture under rapid stirring for 2 hours. After 2 hours, turn off the nitrogen gas purge, turn off the heating 
mantle, turn off the motorized stirrer, and then allow the reaction mixture to cool to room temperature. Once it has, 
disassemble the apparatus and then allow the reaction mixture to stand overnight. Note: use three glass stoppers to 
seal-off the 3-neck flask from the atmosphere. After standing overnight, open up the 3-neck flask, and pour the 
entire reaction mixture into a suitable sized beaker, and then add in 500 milliliters of acetone. Note: upon the 
addition of the acetone, the desired product of 2-PAM Chloride will crystallize out. Stir this acetone mixture 
manually for about 45 minutes, and then filter-off the insoluble crystals of 2-PAM Chloride using a Buchner funnel 
under moderate suction, wash with two 150-milliliter portions of fresh acetone, and then suction dry as best as 
possible. Thereafter, recrystallize the suction dried crystals from 750 milliliters of boiling 99% dry methanol. 
Then recrystallize this desired product, collect each crop of crystals in a Buchner funnel, and once the volume of 
the methanol (mother liquor) has been reduced by about 90%, stop the recrystallization process, suction dry the 
collected crystals of desired product as best as possible, and then place these crystals in an oven, and bake at 85 
Celsius until thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and 
then place it into a amber glass bottle and store in a cool dry place until use. 
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Step 1: preparation of 1-methyl-2-picolinium chloride 


Into a standard laboratory autoclave of 1500 milliliter capacity, and fitted with thermometer, and mechanical stirrer, 
pour in 392 milliliters of alpha-picoline, followed by 20 milliliters of DMF, followed by 700 milliliters of 99% 
dry methanol, and then followed by 340 milliliters of pre-chilled methyl chloride (pre-chilled to -68 Celsius). 
Immediately after the addition of the super cold liquid methyl chloride to the autoclave, seal the autoclave, turn on 
the heating clement, and turn on the mechanical stirrer, and begin to mechanically blend the ingredients in the 
autoclave, and bring its temperature to 125 Celsius. Note: make sure your autoclave is registered that it can 
withstand pressures of up to 700 psi or greater. Continue to mechanically stir the reaction mixture in the autoclave 
at a temperature of 125 Celsius for 2 hours. After 2 hours, turn off the heating clement to the autoclave, and allow 
the contents in the autoclave to cool to room temperature. Note: do not release any pressure gauges. Also, continue 
to mechanically stir the contents in the autoclave during the cool down period. Once the contents (the reaction 
mixture) in the autoclave has cooled to room temperature, carefully and cautiously open the autoclave. Note: use 
extreme care when opening the autoclave as backpressure will result. Now, once the autoclave has been safely 
opened, pour the entire reaction mixture into a rotary evaporator, and evaporate off the methanol, and DMF, and 
other liquids under high vacuum at 180 Celsius until no more fluids pass over, and a sticky residue remains in the 
rotary evaporator. Once all the fluids have been removed, and the sticky residue remains behind, turn off the 
vacuum, equalize the pressure, and turn off the rotary evaporator, and then recover this sticky residue left behind 
from the rotary evaporator once it has cooled. Now, take this sticky residue and dissolve it into 1000 milliliters of 
distilled water contained in a large beaker fitted with mechanical stirrer, and then stir this mixture for about | hour 
at room temperature. Thereafter, turn off the mechanical stirrer, and then extract the entire aqueous mixture with 
two 200-milliliter portions of fresh diethyl ether. Note: after each extraction, the ether will be the upper layer, 
and after each extraction use a large separatory funnel, to drain off the bottom water phase, and then collecting the 
upper ether phase. After the extraction process, combine both ether layers (if not already done so), and then discard 
this combined ether layer (or recycle it), and then to the drained off lower water phase, combine both if not already 
done so, and then take the combined water phase, and place it into a large beaker, and then add in 800 milliliters of 
freshly distilled water, and then mechanically stir for 2 hours at room temperature. Finally, filter this diluted water 
mixture using a Buchner funnel under rapid suction, and then take the filtered water mixture, and recrystallize the 
desired product of |-methyl-2-picolinium chloride from this filtered water mixture, collecting each crop of crystals 
in a clean Buchner funnel. Once the volume of original water mixture, has been reduced by 90%, stop the 
recrystallization process, and then suction dry the collected crystals of the desired product of 1-methyl-2-picolinium 
chloride contained in the Buchner funnel, and then place these crystals in an oven, and bake at 105 Celsius until 
thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and then place it 
into a amber glass bottle and store in a cool dry place until use in step 2. 


Step 2: preparation of 2-PAM Chloride 


Into a suitable sized beaker, fitted with thermometer and mechanical stirrer, and sitting in an ice bath, add in 42 
grams of the product from step 1, followed by 45 milliliters of 99% methanol in 75 milliliters of distilled 
water, followed by 46.5 grams of n-Butyl nitrite, and then chill this reaction mixture to 0 to 5 Celsius under rapid 
stirring. Continue to cool and stir this reaction mixture at 0 to 5 Celsius until a uniform solution is obtained. 
Thereafter, add in 24 grams of sodium hydroxide dissolved in 36 milliliters of distilled water and 30 milliliters 
of 99% methanol, and then continue to stir the reaction mixture at 0 to 5 Celsius overnight. After standing 
overnight at 5 Celsius with stirring, add in 105 milliliters of a 10% hydrochloric acid solution, and then continue 
to stir, but remove the ice bath, and stir at room temperature for 4 hours. After 4 hours, stop the stirring, and then 
pour the entire reaction mixture into a rotary evaporator, and evaporate-off all the fluids under high vacuum and a 
temperature of about 70 Celsius. Once all the fluids have been evaporated, and a messy residue remains behind, 
remove the vacuum, equalize the pressure, and turn of the rotary evaporator, and then recover the left over messy 
residue left behind from the rotary evaporator, and then place the recovered left over messy residue into a suitable 
sized beaker, and then add in 120 milliliters of 99% isopropyl alcohol, followed by 120 milliliters of 99% 
ethanol, followed by 120 milliliters of pre-heated 99% methanol (pre-heated to about 50 Celsius), and then stir 
this mixture for about 1 hour. Now, place this new mixture into a rotary evaporator, and reduce the volume of the 
alcohol mixture to 50% of its original volume under vacuum and a temperature of 30 Celsius. Once the volume of 
the original alcohol mixture has been reduced by 50%, turn off the rotary evaporator, and then collect the remaining 
milky liquid that remains behind in the rotary evaporator, and then place this milky liquid into a clean beaker, and 
then add in 750 milliliters of pure dry acetone, and then stir this new mixture for about 1 hour at room 
temperature. Thereafter, filter-off the insoluble desired product of 2-PAM Chloride using a Buchner funnel under 
moderate suction, wash with three 75-milliliter portions of fresh pure dry acetone, and then suction dry as best 


as possible. Then recrystallize the desired product of 2-PAM chloride from 750 milliliters of distilled water, 
collecting each crop of crystals in a clean Buchner funnel. Once the volume of original water mixture, has been 
reduced by 90%, stop the recrystallization process, and then suction dry the collected crystals of the desired product 
of 2-PAM chloride contained in the Buchner funnel, and then place these crystals in an oven, and bake at 105 
Celsius until thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and 
then place it into a amber glass bottle and store in a cool dry place until use. 


2. 2-PAM; 2-pyridine aldoxime methiodide; Pyridine-2-aldoxime methiodide; (E)-N- 
hydroxy-1-(1-iodo-1-methyl-1A°-pyridin-2-yl)methanimine 


CH——CH 
/ \ ts 
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\ J™ 
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CH——N 
OH 


Molecular Formula = C7HoIN,O 
Composition = C(3 1.84%) H(3.44%) 


Formula Weight = 264.06363 
Molar Refractivity = 31.008 + 0.7 


(48.06%) N(10.61%) O(6.06%) cm 
Molar Volume = estimated: 67.58 + Parachor = 399.5 + 4.0 cm 
98.0 cm? 
Index of Refraction = 3.882 + 0.02 Surface Tension = 88.992 + 8.099 
_ dyne/em 
Density = 1.981 + 0.109 g/cm’ Polarizability = 12.01 £0.78 10° 
“cm” 


Monoisotopic Mass = 263.975948 Da 
Average Mass = 264.0636 Da 


Nominal Mass = 264 Da 
M+ = 263.975399 Da 


M- = 263.976497 Da 


[M+H]+ = 264.983224 Da 


[M+H]- = 264.984322 Da 
[M-H]- = 262.968671 Da 


[M-H]+ = 262.967574 Da 
Smiles: Cn] (Deccec1/C=N/O 


InChI = 1S/C7H9IN2O/c1 -10(8)5-3- 
2-4-7(10)6-9-1 1/h2-6, | 1H, 1H3/b9-6+ 


2-PAM forms bright yellow needle-like crystals when recrystallized from methanol. The compound can be 
recrystallized from boiling water giving way to yellow crystals: the yellow color is partially due to the formation of 
small amounts of free iodine. The melting point of 2-PAM is around 225 Celsius. It is very soluble in water and 
boiling alcohols, but insoluble in cold alcohols, ether, and acetone. 2-PAM., as obviously taken, is a potent 
cholinesterase re-activator used to treat nerve agent poisoning; however, larger doses are required then with the 
more common 2-PAM Chloride. As with 2-PAM Chloride, the agent is usually dissolved in de-ionized double 
distilled water for use in making auto-injecting needles that are then issued to soldiers and emergency personnel. 
These injectors are then injected directly into the thigh area of a casualty for average soldiers (150 to 250 pounds) 
(not into the heart; this would cause death); injected into one of the butt cheeks of casualties of smaller weight 
and size, including children (under 150 pounds). 2-PAM was one of the first nerve agent antidotes prepared, and 
was first prepared in the late 1940's in Germany, and then later in the US in 1950. 2-PAM had a brief use as the 
primary anti-nerve agent compound in combination with Atropine, and was issued to soldiers up to 1962, when it 
was replaced by most UN and NATO countries with the more effective 2-PAM chloride by the mid 1960's. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent antidote, in Estimated Incapacitating dose (in mg/Kg 
combination with atropine): 8 through i.v.): 87 to 94 for 180 pound man 
Most estimated effective dose (mg/per Kg): 21 Storage stability: 10 (when kept dry) 
to 37 
Degradation, or urinary excretion (on Toxicity (as nerve agent antidote through i.v.): 
average): 32 to 38% of original dose LDso: 109 to 118 mg/Kg 
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Into a reaction flask, pour into the 3-neck reaction flask, 200 milliliters of pure nitrobenzene, followed by 60 
grams of freshly prepared pyridine-2-aldoxime (process No. 4), followed by 400 milliliters of methyl] iodide, 
and then secure a gas inlet tube as illustrated, and then turn on the motorized stirrer, followed by the heating 
mantle, and bring the reaction mixture to reflux at 212 Celsius. Then begin a nitrogen purge, to flush out any 
moisture and oxygen. Now, once the ingredients in the reaction flask begin to reflux at 212 Celsius, continue to 
reflux the reaction mixture under rapid stirring for 9 hours. After 9 hours, turn off the nitrogen gas purge, turn off 
the heating mantle, turn off the motorized stirrer, and then allow the reaction mixture to cool to room temperature. 
Once it has, disassemble the apparatus and then allow the reaction mixture to stand overnight. Note: use three glass 
stoppers to seal-off the 3-neck flask from the atmosphere. After standing overnight, open up the 3-neck flask, and 
pour the entire reaction mixture into a suitable sized beaker, and then add in 800 milliliters of acetone. Note: upon 
the addition of the acetone, the desired product of 2-PAM will crystallize out. Stir this acetone mixture manually 
for about 45 minutes, and then filter-off the insoluble crystals of 2-~PAM using a Buchner funnel under moderate 
suction, wash with three 150-milliliter portions of fresh acetone, and then suction dry as best as possible. 
Thereafter, recrystallize the suction dried crystals from 1500 milliliters of boiling 99% dry methanol. Then 
recrystallize this desired product, collect each crop of crystals ina Buchner funnel, and once the volume of the 
methanol (mother liquor) has been reduced by about 90%, stop the recrystallization process, suction dry the 
collected crystals of desired product as best as possible, and then place these crystals in an oven, and bake at 85 
Celsius until thoroughly dry. Once this point is achieved, retrieve the dried desired product once it has cooled, and 
then place it into a amber glass bottle and store in a cool dry place until use. 


3. DPAM-Chloride; 1-methyl-1,6-dihydropyridine-2-aldoxime hydrochloride; 1-chloro- 
6-[(E)-(methoxyimino)methyl]-1-methyl-1,2-dihydropyridinium 


7 
i 
CH=—=N 
O——CH, 
Molecular Formula = CgH)2CIN,»O Formula Weight = 187.6461314 
Composition = C(51.21%) H(6.45%) Molar Refractivity = 27.05 + 0.7 
CIC 8.89%) N(14.93%) O(8.53%) cm 
Molar Volume = estimated: 45.09 + Parachor = 281.92 + 4.0 cm’ 
98.0 cm* 
Index of Refraction = 1.902 + 0.02 Surface Tension = 51.9 + 8.099 
dyne/cm 
Density = 1.009 + 0.109 g/cm” Polarizability = 17.09 + 0.99 10° 
m3 
cm 
Monoisotopic Mass = 183.040 Da Nominal Mass = 189 Da 
Average Mass = 186.22 Da M+ = 179.0379 Da 
M- = 179.0408 Da [M+H]+ = 178.477 Da 
[M+H]- = 178.484 Da [M-H]+ = 179.037 Da 
[M-H]- = 179.0364 Da Smiles: Cn1(Cl)cccee1/C=N/OC 
InChI = 1S/C8H1 LCIN2O/c1-11(9)6- 
4-3-5-8(1 1)7-10-12-2/h3-7H, 1- 
2H3/b 10-7+ 
DPAM-chloride forms colorless to white crystals, or white granules. ‘The melting point is 179 Celsius with 
decomposition. DPAM-chloride is readily soluble in water, but only moderately soluble in DMF, and insoluble in 


the usual organic solvents. DPAM-chloride is a potent cholinesterase re-activator used to treat nerve agent 
poisoning when administered as indicated within 30 minutes of orgonophosphorus poisoning. One special attribute 
DPAM-chloride has, is that it can be pre-administered to soldiers through arm injection prior to any potential 
exposure to any potential nerve agent contaminated environments; as indicated this pre-administered dose is 2.6 
grams through injection. The agent is usually dissolved in de-ionized double distilled water for use in making auto- 
injecting needles that are then issued to soldiers and emergency personnel. These injectors are then injected directly 
into the arm area of a casualty (not into the heart) for average soldiers (150 to 250 pounds), but injected into one 
of the thighs of casualties of smaller weight and size, including children (under 150 pounds). Note: people that 
weigh under 150 pounds, should be administered only half the doses of a 180 pound man as indicated. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent antidote): 0 (do 
not administer atropine with this compound 


Estimated Incapacitating dose (in mg/Kg 
through i.v.): 289 mg for 180 pound man 


as death may occur) 

Most estimated effective dose through 
injection only: 2.5 grams in 180 pound man 
all at once, followed by i.v. of 1.25 grams 
over a period of 30 minutes, and repeated 
every 30 minutes until muscle strength 
returns. The pre-administration in the 
average man is 2.6 grams through injection 
30 minutes prior to being exposed to 
orgonophosphorus poisons. 


Storage stability: 10 (when kept dry) 


Degradation, or urinary excretion (on 
average): 34 to 42 % of original dose 


Toxicity (as nerve agent antidote through i.v.): 
LDso: 399 to 409 mg/Kg in 180 pound man 
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Step 1: preparation of 1-methyl-2-cyano-1,2,3,6-tetrahydropyridine-2-aldoxime 


Into an apparatus as illustrated below, pour in a solution prepared by adding and dissolving 152 grams of sodium 
cyanide into 600 milliliters of water, and then slowly and carefully, pour in 228 milliliters of 18% hydrochloric 
acid, and stir this mixture rapidly, while maintaining an ice bath, and a temperature of 15 Celsius. Thereafter, begin 
a nitrogen gas purge, and 5 minutes later, add in 2000 milliliters of fresh diethyl ether (a two-phase mixture will 
result), and rapidly stir this two-phase mixture on high speed at 15 Celsius. Thereafter, from the top of the bulb 
condenser, as illustrated, slowly add in small portions at a time, 200 grams of pyridine-2-aldoxime methiodide, 
while rapidly stirring the reaction mixture and maintaining its temperature at 10 to 15 Celsius during the addition 
under nitrogen gas purge. Once all the pyridine-2-aldoxime methiodide has been added, slowly add in, from the top 
of the bulb condenser as illustrated, 38 grams of sodium borohydride in small portions (100 mg portions), while 
rapidly stirring the reaction mixture and maintaining its temperature around 25 Celsius while under the nitrogen gas 
purge. Once all the sodium borohydride has been added, continue the nitrogen gas purge, and continue to stir the 
reaction mixture at high speed and at a temperature of 25 Celsius for 5 hours. After 5 hours, disassemble the 
apparatus, turn off the nitrogen gas purge, and then pour the entire reaction mixture into a large separatory funnel, 
and drain off the bottom water layer. Thereafter, recover the upper ether layer, and set aside for the moment. Now, 
take the drained-off bottom water layer, and filter-off the insoluble materials using a Buchner funnel under 
moderate suction, and then wash with three 150-milliliter portions of fresh diethyl ether, and then add this ether 
washings to the original collected upper ether layer. Now, pour the combined total ether portion, and place it into a 
rotary evaporator, and evaporate-off the ether at 30 Celsius under mild vacuum until no more ether passes over, and 
a sticky residue remains. Once all the ether has been evaporated, turn off the rotary evaporator, and collect this 
sticky residue, and then place it into a suitable sized beaker filled with a solvent mixture prepared by adding 300 
milliliters of fresh diethyl ether into 700 milliliters of fresh cyclohexane, and then stir this mixture using a 
mechanical stirrer on high speed for 45 minutes. Finely, stop stirring, and then filter-off the insoluble desired 
product of 1-methyl-2-cyano- 1 ,2,3,6-tetrahydropyridine-2-aldoxime using a clean Buchner funnel under moderate 
suction, wash with three 150-milliliter portions of fresh cyclohexane, and then suction dry as best as possible. The 
suction dried desired product of 1-methyl-2-cyano-1,2,3,6-tetrahydropyridine-2-aldoxime can then be baked in an 
oven at 90 Celsius until thoroughly dry. Once dry, remove the desired product, once it has cooled, and then 
pulverize into a powder and then store in a desiccator over concentrated sulfuric acid until use for step 2. 

pyridine-2-aldoxime, 

and sodium borohydride 


dry nitrogen gas 
in 


___—— reaction mixture containing 
sodium cyanide, hydrochloric 
acid, and ether 


ice bath 


Step 2: preparation of 1-methyl-2-cyano-1,2,3,6-tetrahydropyridine-2-aldoxime hydrochloride 


In this simple procedure, into a clean large beaker, pour in 400 milliliters of freshly distilled THF, and then 
bubble into this THF, dry hydrogen chloride gas (prepared by heating sodium bisulfate and sodium chloride. and 
drying the hydrogen chloride gas that evolves), and continuing to saturate the THF with hydrogen chloride. Once 
the THF is saturated, add in all at once, 30 grams of the product obtained in step 1, and then mechanically stir 
this mixture at room temperature for | hour. After | hour, place the beaker containing this reaction mixture into an 


ice bath, and chill to 0 Celsius under rapid stirring, and then keep at 0 Celsius for about I hour. After | hour, filter- 
off the insoluble desired product using a clean Buchner funnel under strong suction, wash with three 100-milliliter 
portions of fresh diethyl ether, and then suction dry as best as possible. The suction dried desired product of 1- 
methyl-2-cyano-1,2,3,6-tetrahydropyridine-2-aldoxime hydrochloride can then be baked in an oven at 50 Celsius 
until thoroughly dry. Once dry, remove the desired product, once it has cooled, and then pulverize into a powder 
and then store in a desiccator over concentrated sulfuric acid until use for step 3. 


Step 3: preparation of DPAM-chloride 


Into a suitable sized beaker equipped with thermometer and mechanical stirrer, pour in 400 milliliters of freshly 
distilled 99% methanol, and then chill this methanol to 0 Celsius under an argon atmosphere (simple allow argon 
to pass over the surface of the reaction mixture directly from the argon tank). Once the methanol has cooled to 0 
Celsius, begin to add in 34 grams of the desired product from step 2 in small portions at a time, while 
mechanically stirring the reaction mixture and maintaining its temperature around 0 to 10 Celsius. Once all the 
desired product from step 2 has been added, remove the cooling method, and allow the reaction mixture to cool to 
room temperature, and then stir this reaction mixture at room temperature for 90 minutes under argon atmosphere 
and under rapid stirring. After 90 minutes, stop the stirring, and then filter-off the precipitated desired product of 
DPAM-Chloride using a Buchner funnel under moderate suction, wash with three 75-milliliter portions of fresh 
diethyl ether, and then suction dry as best as possible. The suction dried desired product of DPAM-Chloride can 
then be baked in an oven at 50 Celsius until thoroughly dry. Once dry, remove the desired product, once it has 
cooled, and then pulverize into a powder and then store in a desiccator over concentrated sulfuric acid until use. 


4. HI-6; 1-(2-hydroxyiminomethyl-1-pyridino)-3-(4-carbamoyl-1-pyridino)-2- 


oxapropane dimethanesulfonate 
NH, 


o=——c 


Molecular Formula: Cjs6H22NsOoS2 


Formula Weight: 478.49728 


Composition: C(40.16%) H(4.63%) 
N(11.71%) O(30.09%) S(13.40%) 


Molar Refractivity = 21.91 + 0.6 
cm* 


Molar Volume = estimated: 49.903 + 12.0 
cm” 


Parachor = 301.19 + 3.9 cm> 


Index of Refraction = 1.59 + 0.19 


Density = 1.59 + 0.17 g/cm? 


Surface Tension = 56.01 + 1.079 
dyne/em 
Polarizability = 19.911 +0.8 10° 
243 


cm 


RDBE: 14 


Monoisotopic Mass: 478.082818 Da 


Nominal Mass: 478 Da 


Average Mass: 478.4973 Da 


M+: 478.08227 Da 
[M+H]+: 479.090095 Da 


M-: 478.083367 Da 
[M+H]-: 479.091192 Da 


(M-H]+: 477.074445 Da 


[M-H]-: 477.075542 Da 


Smiles: O=S(C)(=O)On1 (cccce 1\C= 


InChI = 1S/C16H22N40982/c1- 
30(23,24)28-19(9-6-14(7-10- 


N\O)COCn1(OS(C)(=O)=O)cce(cc1)C(N) 
=O 19)16(17)21)12-27-13-20(29- 
31(2,25 )26)8-4-3-5-15(20)11-18- 
22/h3-11,22H,12-13H2,1- 
2H3,(H2,17,21)/b18-11+ 


HI-6 is a potent cholinesterase re-activator used to treat nerve agent poisoning and is a powerful pyridine aldoxime 
quaternary salt that has great potential to be used as a substitute for 2-PAM, 2-PAM chloride, and DPAM for 
treatment of nerve agent poisoning. The compound forms a light tan colored solid when impure, but a white solid 
when pure, with an estimated melting point ranging from 170 to 190 Celsius with decomposition beginning around 
162 Celsius. HI-6 is only slightly soluble in boiling methylene chloride, and is relatively insoluble in most organic 
solvents, but water, from which it is moderately soluble forming stable solutions. As with the other nerve agent 
antidotes, the compound is dissolved in distilled water for making auto-injecting needles. The only draw back HI-6 
has is it must be injected into the shoulder of the average soldier within 5 minutes of nerve agent contamination for 
it to have any effect; however, various tests carried out by the US military have produced different results on 
toxicity and LDs» and proper administration upon exposure to non-lethal or lethal doses of nerve agents. In some 
cases, the aqueous solution should be injected into the thigh area of the average soldier within 10 to 15 minutes 
from appearance of nerve agent-like symptoms, due to possible exposure to contaminated areas; nevertheless, it is 
safe to say that HI-6 should be administered in the same manner as for 2-PAM and 2-PAM chloride, including the 
administration of atropine following the injection of the antidote; however, the injection of atropine following the 
injection of the antidote should be met with caution, as atropine overdose may occur, especially in children. 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as nerve agent antidote, in 
combination with atropine): 8.5 


Estimated Incapacitating dose (in mg/Kg 
through i.v.): 308 mg for 180 pound man 


Most estimated effective dose through 
injection only (mg/Kg): 29 to 31 


Storage stability: 10 (when kept dry) 


Degradation, or urinary excretion (on 
average): 21 to 32% of original dose 


Toxicity (as nerve agent antidote through i.v.): 
LDso: 402 to 409 mg/Kg in 180 pound man 


PREPARATION I: 
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Step 1: preparation of bis-chloromethylether 


Into a 3-neck flask, fitted with mechanical stirrer, addition funnel and thermometer, and sitting inside an ice bath, 
add in 63 grams of pre-chilled paraformaldehyde (pre-chilled to 0 Celsius), followed by 50 grams of 37% 
hydrochloric acid pre-chilled to 10 Celsius, and then stir this mixture rapidly for about 5 minutes at 0 to 5 Celsius. 
Immediately thereafter, pour into the addition funnel 165 grams of chlorosulfonic acid, and then begin to drip this 
chlorosulfonic acid from the addition funnel into the reaction mixture, slowly, while rapidly stirring the reaction 
mixture and maintaining its temperature around 5 to 10 Celsius. Once all the chlorosulfonic acid has been added, 
continue to rapidly stir the reaction mixture at 0 to 10 Celsius overnight. The next day, remove the ice bath (which 
will have melted and warmed to room temperature), and then stop stirring, and then pour the entire reaction mixture 
into a suitable sized separatory funnel, and allow it to stand for 1 hour, where upon a two-phase mixture will result. 
Then simply drain-off the bottom layer, which will be the desired product bis-chloromethylether, add in 50 grams 
of anhydrous sodium sulfate, stir for 15 minutes (to absorb moisture), and then filter-off the sodium sulfate using 
a Buchner funnel under moderate suction. Thereafter, store the collected liquid product of bis-chloromethylether 
into an amber glass bottle in a cool dry place until use for step 2. 


Step 2: preparation of 1-(2-hydroxyiminomethyl-1-pyridino)-3-(chloromethyl)-2-oxapropane chloride 


Into a 3-neck flask fitted with addition funnel, mechanical stirrer, and thermometer, and sitting in a round bottom 
heating mantle, pour in all of the bis-chloromethylether obtained in step 1, and then pour into the addition funnel 
a solvent solution obtained by adding and dissolving 30 grams of pyridine-2-aldoxime into 131 grams of 
chloroform, Thereafter, turn on the mechanical stirrer to high speed, and turn on the heating mantle, and bring the 
temperature of the bis-chloromethylether in the 3-neck flask to 45 Celsius. Once the temperature reaches 45 Celsius 
under rapid stirring, begin to add, drop wise, the pyridine-2-aldoxime/chloroform solution at a rate of one drop per 
second, while rapidly stirring the reaction mixture and maintaining its temperature at 45 Celsius at all times. Once 
all the pyridine-2-aldoxime/chloroform solution has been added, continue to rapidly stir the reaction mixture at 45 
Celsius for 3 hours. After 3 hours, turn off the heating mantle, and allow the reaction mixture to cool to room 
temperature. Note: during the cool down period, continue to rapidly stir the reaction mixture. Thereafter, remove 
the heating mantle, and replace it with a ice water bath, and chill the reaction mixture down to around 15 to 18 
Celsius with stirring for 30 minutes. After 30 minutes, stop stirring and allow the reaction mixture to stand at 15 to 
18 Celsius for about 1 hour. After 1 hour, filter-off the insoluble precipitated product using a Buchner funnel under 
moderate suction, wash with two 75-milliliter portions of fresh chloroform, and then suction dry as best as 
possible. Finally, recover the filtered-off desired product from the Buchner funnel, and bake it in a vacuum oven at 
40 Celsius under moderate vacuum until thoroughly dry. Once dry, remove the dried desired product of 1-(2- 
hydroxyiminomethyl-1-pyridino)-3-(chloromethyl)-2-oxapropane chloride from the oven, once it has cooled, and 
then store in a refrigerator sealed airtight in a glass bottle until use for step 3. 


Step 3: preparation of 1-(2-hydroxyiminomethyl-1-pyridino)-3-(4-carbamoyl-1-pyridino)-2-oxapropane 
dichloride 


Into a 3-neck flask fitted with gas inlet tube, thermometer, bulb reflux condenser, and mechanical stirrer, and 
placed inside a round bottom heating mantle, place 87 grams of the product obtained from step 2, followed by 
173 grams of isonicotinamide, and then followed by 1800 milliliters of DMF. Then, using the gas inlet tube, 
begin a nitrogen gas purge, and then immediately thereafter, turn on the mechanical stirrer, and rapidly stir the 
reaction mixture for 15 minutes, and then turn on the heating mantle to 40 Celsius, and heat the reaction mixture 
under rapid stirring at 40 Celsius for 25 hours under a nitrogen atmosphere. After 25 hours, turn off the heating 
mantle, and allow the reaction mixture to cool to room temperature. Note: during the cool down period continue to 
rapidly stir the reaction mixture. Now, thereafter, remove the heating mantle, and replace it with an ice bath, and 
chill the reaction mixture to 0 Celsius under rapid stirring. Once the reaction mixture has cooled to 0 Celsius, turn 
off the motorized stirrer, and allow the reaction mixture to stand at 0 Celsius for about 30 minutes. After 30 
minutes, turn off the nitrogen gas purge, disassemble the apparatus, and then filter-off the insoluble desired product 
using a Buchner funnel under rapid suction, wash with three 150-milliliter portions of 99% isopropyl alcohol, 
and then suction dry as best as possible. Finally, recover the suction dried filtered-off desired product from the 
Buchner and bake it in a vacuum oven at 40 Celsius under moderate vacuum until thoroughly dry. Once dry, 
remove the dried desired product of 1-(2-hydroxyiminomethyl-|-pyridino)-3-(4-carbamoyl- |-pyridino)-2- 
oxapropane dichloride from the oven, once it has cooled, and then store in a refrigerator sealed airtight in a glass 
bottle until use for step 4. 


Step 4: preparation of HI-6 


Into a 3-neck flask fitted with gas inlet tube, thermometer, bulb reflux condenser, and mechanical stirrer, and 
placed inside a round bottom heating mantle, place 28 grams of the dried desired product obtained in step 3, 
followed by 33 grams of silver methanesulfonate, and then followed by 640 grams of a 90% methanol, 10% 
water mixture, and then with the gas inlet tube, begin a nitrogen gas purge, and then turn on the mechanical stirrer 
to high speed, and then turn on the heating mantle to 60 Celsius. Once the reaction mixture reaches 60 Celsius, 
continue to rapidly stir the reaction mixture under nitrogen atmosphere and at 60 Celsius for 30 hours. Now, after 
30 hours, turn off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the 
cool down period, continue to rapidly stir the reaction mixture. Once the reaction mixture has cooled to room 
temperature, turn off the nitrogen gas purge, disassemble the apparatus, and then filter-off the insoluble materials 
using a clean Buchner funnel under moderate suction, wash with three 75-milliliter portions of fresh 99% 
methanol, and then suction dry as best as possible. Now, place the filtered reaction mixture into a rotary 
evaporator, and evaporate-off the fluids at 60 Celsius under moderate vacuum until 60% of the total volume of the 
reaction mixture in the rotary evaporator has been reduced. Once this point is achieved, turn off the rotary 
evaporator, equalize the pressure, and then recover the left over slurry that remains in the rotary evaporator, and 
place it into a clean suitable sized beaker. Then add in, 720 milliliters of denatured ethanol, and then stir this new 
mixture using a mechanical stirrer for 45 minutes. After 45 minutes, stop the stirring, and then pour the entire 
reaction mixture into a clean rotary evaporator, and evaporate-off any fluids at 50 Celsius under moderate vacuum 
until 50% of the total volume of the reaction mixture in the rotary evaporator has been reduced. Once this point is 
achieved, turn off the rotary evaporator, equalize the pressure, and then recover the left over slurry that remains in 
the rotary evaporator, and then place this left over slurry into a clean beaker sitting inside a ice bath, and chill to 0 
Celsius with manual stirring. Once this slurry mixture has cooled, filter-off the insoluble impure desired product 
using a clean Buchner funnel under strong suction, wash with two 60-milliliter portions of fresh denatured 
ethanol, and then suction dry as best as possible. Thereafter, collect this filtered-off impure desired product, and 
add it to a clean beaker filled with 200 milliliters of distilled water, and then mechanically stir this mixture for | 
hour at room temperature. After 1 hour, turn off the stirrer, and then filter-off the insoluble impurities, wash with 60 
milliliters of fresh distilled water, and then place the filtered water mixture into a clean rotary evaporator, and 
remove the water at 70 Celsius under high vacuum until no more fluids pass over or are collected. When this point 
is achieved a tan colored residue remains, turn off the rotary evaporator, equalize the pressure, and then recover the 
left over residue from the rotary evaporator, and place it into a clean beaker, filled with 190 milliliters of 99% 
ethanol, chill to 0 Celsius, and once the residuc/alcohol mixture has chilled to 0 Celsius, stir for 45 minutes, and 
then filter-off the insoluble desired product using a clean Buchner funnel, under strong suction, wash with two 30- 
milliliter portions of fresh denatured ethanol, then suction dry as best as possible. Thereafter, recover the suction 
dried filtered-off desired product from the Buchner funnel and bake it in a vacuum oven at 40 Celsius under high 
vacuum until thoroughly dry. Once dry, remove the dried desired product of HI-6 from the oven, once it has cooled, 
and then dissolve this desired dried product into 750 milliliters of distilled water, add in 30 grams of powdered 
activated carbon, stir for | hour at room temperature, and then filter-off the carbon, and finally, recrystallize the 
desired product of HI-6 (see recrystallization for proper technique), collect each crop of crystals in a Buchner 
funnel, and once the volume of the water solution (mother liquor) has been reduced by about 90%, stop the 
recrystallization process, suction dry the collected crystals of desired product as best as possible, and then place 
these crystals in an oven, and bake at 105 Celsius until thoroughly dry. Once this point is achieved, retrieve the 
dried desired product once it has cooled, and then place it into a amber glass bottle and store in a cool dry place 
until use. 


5. Atropine; 8-methyl-8-azabicyclo[3.2.1 ]oct-3-yl 3-hydroxy-2-phenylpropanoate 


Molecular Formula: C;7H23NO4 


Formula Weight: 289.36942 


Composition: C(70.56%) H(8.01%) 
N(4.84%) O116.59%) 
Molar Volume: 242.4 + 5.0 cm” 


Molar Refractivity: 80.78 + 0.4 cm* 


Parachor: 646.1 + 6.0 cm* 


Index of Refraction: 1.580 + 0.03 


Surface Tension: 50.4 + 5.0 dyne/cm _ 


Density: 1.19 + 0.1 g/em* 


Polarizability: 32.02 + 0.5 10 “cm? 


RDBE: 7 


Monoisotopic Mass: 289.167794 Da_ 


Nominal Mass: 289 Da 


Average Mass: 289.3694 Da 


M+: 289.167245 Da 


M-: 289.168342 Da 


[M+H]+: 290.17507 Da 


[M+H]-: 290.176167 Da 


[M-H]+: 288. 15942 Da 


[M-H]-: 288.160517 Da 


Smiles: 
CNIC2CCC1CC(C2)OC(=O)C(CO)c leeecel 


InChI = 18/C17H23NO3/c1-18-13- 
7-8-14(18)10-15(9-13)21- 
17(20)16(1 1-19)12-5-3-2-4-6-12/h2- 
6, 13-16, 19H,7-1 1H2,1H3 


Atropine forms long, orthorhombic prisms from acetone, with a melting point of 116 Celsius. The crystals can be 
sublimed in high vacuum when heated to 110 Celsius. The crystals are relatively insoluble in water (1 gram in 455 
milliliters of water at R.T.), but readily soluble in absolute alcohols, and dry chloroform and benzene. The LDsp in 
rats through oral is 750 mg/Kg. Atropine readily forms acid addition salts, which eliminates the atropines ability as 
a anti-nerve agent in combination with pyridine aldoxime quaternary salts, as up to 88% of the acid addition salts 
would be excreted in the urine rapidly after administration. Atropine is a naturally occurring parasympatholytic 
alkaloid that can be isolated from Atropabelladonna; however, during the extraction process, much of the original 
atropine is converted into a racemic form making it unsuitable for use in treating nerve agent poisoning. Atropine is 
a necessary component in combination with pyridine aldoxime quaternary salts for treating orgonophosphorus 
poisoning, but its administration must be controlled and watched carefully especially in children as overdose, 
incapacitation, allergic reaction, and death may occur--patients should be strongly monitored. As with the pyridine 
aldoxime quaternary salts, the atropine is dissolved in excess distilled water for making auto injecting needles. 
These needles should be injected directly into the thigh or butt cheek of a victim within 5 minutes after the original 
injection of the pyridine aldoxime quaternary salts (with the exception of DPAM). 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as nerve agent antidote, in Estimated Incapacitating dose (in mg/Kg 
combination with pyridine aldoxime through i.v.): 21 to 23 mg for 180 pound man 
quaternary salts): 10 
Most estimated effective dose through Storage stability: 10 (when kept dry) 
injection only (mg/Kg): 8 to 10 per 180 pound 
man 
Degradation, or urinary excretion (on Toxicity (as nerve agent antidote in 
average): 3.9 to 5% of original dose combination with pyridine aldoxime 
quaternary salts through i.v.): LDso: 43 to 56 
mg/Kg in 180 pound man 


PREPARATION I: 
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Step 1: preparation of Tropinone 


Into a suitable sized 3-neck flask, fitted with mechanical stirrer, thermometer, and bulb reflux condenser, and 
sitting inside a round bottom heating mantle, pour in 2000 milliliters of 99% ethanol, 134 grams of freshly 
distilled 1H-pyrrole, and then followed by 282 grams of hydroxylamine hydrochloride. Thereafier, turn on the 
motorized stirrer, and the heating mantle, and bring the reaction mixture to a gentle reflux at 80 Celsius with rapid 
stirring. Continue to rapidly stir the reaction mixture under reflux at 80 Celsius for 1 hour until all solids have been 
dissolved and a clear mixture results. After about | hour, continue to reflux the reaction mixture at 80 Celsius under 
rapid stirring, and then slowly add in, through the top of the bulb reflux condenser 500 mg portions at a time, 212 
grams of anhydrous sodium carbonate, while continuing to reflux the reaction mixture at 90 Celsius under rapid 
stirring. Note: take caution when adding in the anhydrous sodium carbonate, and do not add it in to fast. Once all 
the sodium carbonate has been added, continue to reflux the reaction mixture at 80 Celsius with rapid stirring for 30 
hours. After 30 hours, turn off the heating mantle, and allow the reaction mixture to cool to about 50 Celsius. Note: 


continue to rapidly stir the reaction mixture during this cool down period. When the temperature of the reaction 
mixture cools to around 50 Celsius, disassemble the apparatus, and then filter-off the insoluble by-product using a 
clean Buchner funnel under moderate suction, and then wash with two 150-milliliter portions of fresh 99 % 
ethanol. Now, take the filtered reaction mixture and pour in a large rotary evaporator, and evaporate-off the ethanol 
at 40 Celsius under moderate vacuum until no more ethanol is collected, and a dry icky residue remains behind. 
Once this point is achieved, turn off the rotary evaporator, equalize the pressure, and then recover the left over icky 
residue from the rotary evaporator. Then place this icky residue into a clean beaker filled with 500 milliliters of 
boiling water, add in 75 grams of powdered activated carbon, and then mechanically stir this boiling mixture for 
about 45 minutes. After 45 minutes, turn off the heat to the boiling water, and allow the mixture to cool to 60 
Celsius with stirring, and when this semi-hot reaction mixture cools to 60 Celsius, filter-off the carbon, and any 
other insolubles’ using a Buchner funnel under strong suction, and then allow the semi-hot filtered reaction mixture 
to cool to room temperature. Once it has, place the mixture into an ice bath, and chill to 0 Celsius, once it has 
chilled to 0 Celsius, allow it to stand at 0 Celsius for 12 hours. Note: putting the filtered reaction mixture into a 
freezer may be more convenient then using an ice bath. Now, after about 12 hours, take the chilled reaction 

mixture, and filter it ice cold to recover the bulk of the first intermediate, (1E,4E)-N,N'-dihydroxybutane-1,4- 
diimine as shown in the reaction equation. Use a Buchner funnel to collect this insoluble intermediate, under 
moderate suction, and then suction dry as best as possible. 


Now, into a suitable sized beaker, equipped with motorized stirrer, thermometer, and sitting inside an ice bath, 
place 116 grams of the first intermediate (1E,4E)-N,N'-dihydroxybutane-1 ,4-diimine (as prepared in the above 
process), followed by 1080 milliliters of a 10% sulfuric acid solution, and then chill this acidified reaction 
mixture to 0 Celsius under moderate stirring. Once the reaction mixture has chilled to 0 Celsius, slowly add in, at 
50 mg portions at a time, under heavy stirring, 140 grams of sodium nitrite, making sure the reaction temperature 
does not rise above 5 Celsius. Once all the sodium nitrite has been added, continue to rapidly stir the reaction 
mixture at 0 to 5 Celsius for 1 hour. After 1 hour, remove the ice bath, and allow the reaction mixture to warm to 
room temperature. Once this point is achieved, allow the reaction mixture to stand at room temperature for 3 hours 
under moderate stirring. After 3 hours, add in, in small portions at a time, 290 grams of barium carbonate, while 
rapidly stirring the reaction mixture. Note: addition of the barium carbonate will precipitate the insoluble barium 
sulfate. After the addition of the barium carbonate is complete. continue to rapidly stir the reaction mixture at room 
temperature for 3 hours. Finally, after 3 hours, filter-off the insoluble barium sulfate, using a clean Buchner funnel 
under strong suction, and then wash with three 150-milliliter portions of warm water, and then take the filtered 
reaction mixture, and place it into a clean rotary evaporator, and remove any fluids at 80 Celsius under moderate 
vacuum until no more fluids pass over, and a dry muddy residue remains. When this point is achieved, turn off the 
rotary evaporator, equalize the pressure, and then recover the remaining muddy residue that remains behind, and 
save it for the next process. Note: this muddy residue will be the second intermediate, butanedial as shown in the 
reaction equation. 


In this final process for step 1, place into a very large 3-neck flask, equipped with mechanical stirrer, thermometer, 
and bulb reflux condenser, 46.5 grams of the muddy residue of butanedial prepared in the previous process, 
followed by 64.8 grams of methylamine hydrochloride, followed by 140 grams of acetonedicarboxylic acid, 
and then followed by 4 liters of distilled water. Thereafter, turn on the mechanical stirrer to high speed, and then 
rapidly stir the reaction mixture at room temperature for about 1 hour. After 1 hour, slowly add in, 500 milliliters 
of a 60% disodium phosphate solution over a period of about 30 minutes, and once all this disodium phosphate 
solution has been added, continue to stir the reaction mixture at room temperature for about 6 days. Now, after 
about 6 days, take the entire standing reaction mixture, and place it into a vacuum distillation apparatus, and boil- 
off the water at 80 Celsius under high vacuum until no more water passes over or is collected. Note: a high vacuum 
apparatus is required for this step. Once all the water has been evaporated, and a messy residue remains behind, 
turn off the heat source, turn off the vacuum, equalize the pressure, disassemble the apparatus, and then collect the 
left over messy residue that remains, and then place this messy residue into a clean suitable sized beaker, equipped 
with mechanical stirrer, and then add in 1300 milliliters of dry fresh diethyl ether, and then rapidly stir this new 
mixture on high speed for 2 hours. After 2 hours, filter the ether mixture to remove insoluble impurities, and then 
add to this filtered ether mixture, 75 grams of anhydrous sodium sulfate, and then manually stir for about 30 
minutes (to remove moisture), and then filter-off the sodium sulfate, and place the filtered ether mixture into a 
rotary evaporator, and evaporate-off the ether at 40 Celsius until no more ether passes over or is collected. When 
this point is achieved, turn off the rotary evaporator, and collect the remaining residue that remains behind. Finally, 
take this left over residue and place it into a clean high vacuum distillation apparatus, and vacuum distill the residue 
at 115 Celsius at 25mm of mercury until no more fluid passes over. Note: this distilled fluid will be the liquid phase 
of the desired product of Tropinone, and will crystallize back into a solid in the receiver flask of the distillation 


apparatus. Once no more fluid passes over or is collected, turn off the vacuum distillation apparatus, turn off the 
vacuum, equalize the pressure, disassemble the apparatus, and then recover the crystallized Tropinone from the 
receiver flask, and then add it to a beaker filled with 1000 milliliters of acetone, stir mechanically for 45 minutes, 
quickly filter using a Buchner funnel under rapid suction (to remove any insolubles), and then recrystallize this 
desired product from the acetone (see recrystallization for proper technique), collect each crop of crystals in a 
Buchner funnel, and once the volume of the acetone solution (mother liquor) has been reduced by about 90%, stop 
the recrystallization process, suction dry the collected crystals of desired product of Tropinone as best as possible, 
and then place these crystals in an oven, and bake at 70 Celsius until thoroughly dry. Once this point is achieved, 
retrieve the dried desired product once it has cooled, pulverize it into a powder, and then place it into a glass jar in a 
cool dry place until use for step 2. 


Step 2: preparation of Tropine 
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Into a suitable sized 3-neck flask, fitted with gas inlet tube, mechanical stirrer, and Snyder column, pour into the 3- 
neck flask, 1000 milliliters of 99% ethanol, followed by 100 grams of tropinone (prepared in step 1), followed 
by 5 grams of powdered Raney nickel catalyst. Thereafter, turn on the mechanical stirrer to low speed, and then 
begin to bubble into the reaction mixture dry hydrogen gas at a flow rate of 50 mg per/minute, while slowly 
stirring the reaction mixture and maintaining the reaction mixture at room temperature. Now, continue to bubble 
into the reaction mixture, dry hydrogen gas at the desired flow rate, until bubbles of hydrogen gas begin to be 
evolved (note: during the addition of the hydrogen gas to the reaction mixture, the hydrogen will dissolve in the 
reaction mixture and be absorbed, when bubbles of hydrogen begin to evolve, the calculated amount of hydrogen 
has been achieved, and hence the reaction is over), when this point is achieved, turn off the hydrogen gas addition, 
and then continue to stir the reaction mixture at room temperature for 1 hour. After 1 hour, turn off the motorized 
stirrer, disassemble the apparatus, and then filter-off the insoluble catalyst using a Buchner funnel under moderate 
suction, wash with two 75-milliliters of fresh 99% ethanol (note: recover and dry the Raney nickel catalyst as it 
can be re-used), and then pour the filtered reaction mixture into a rotary evaporator, and evaporate-off the alcohol 
and by-product water, at 50 Celsius under high vacuum, until all fluids have been removed and a dry residue 
remains. When this point is achieved, turn off the rotary evaporator, equalize the pressure, and then recover this left 
over residue from the rotary evaporator, and then add it to a beaker filled with 1000 milliliters of acetone, stir 
mechanically for 45 minutes, quickly filter using a Buchner funnel under rapid suction (to remove any insolubles), 
and then recrystallize this desired product from the acetone (see recrystallization for proper technique), collect each 
crop of crystals in a Buchner funnel, and once the volume of the acetone solution (mother liquor) has been reduced 


by about 90%, stop the recrystallization process, suction dry the collected crystals of desired product of Tropine as 
best as possible, and then place these crystals in an oven, and bake at 70 Celsius until thoroughly dry. Once this 
point is achieved, retrieve the dried desired product once it has cooled, and then place it into a glass jar in a cool dry 
place until use for step 3. 


Step 3: preparation of sodium phenylacetate 
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Process 1: preparation of benzyl chloride through chlorination of toluene 


Into the apparatus as illustrated below, place 150 milliliters of dry toluene, followed by a few glass beads (about 2 
to 4 millimeters in diameter each glass bead). Thereafter, reflux the toluene at about 110 to 120 Celsius. Note: the 
temperature should be slowly brought up at the start of the reflux—no rapid heating. When the toluene reaches a 
temperature of about 90 to 100 Celsius, start bubbling in the chlorine gas (about 30 grams of chlorine gas total; an 
excess), over a period of about several hours—the chlorine gas addition should not be to fast, and only a nice slow 
steady stream of gas is desired. Note: the chlorine gas should also be as dry as possible. During the chlorine gas 
addition, monitor the temperature of the toluene, and do not let it rise above 140 to 150 Celsius. Also, during the 
addition of the chlorine gas, rapidly stir the toluene. Note: this entire reaction should be carried out by exposing 
the reaction flask of the apparatus to direct sunlight, UV light from any suitable UV light bulb, mercury 
vapor lamp, or halogen lamp. To do this, simply expose the apparatus (preferably only the reaction flask 
containing the toluene) to direct sunlight (by placing it outside on a sunny day, placing it on a window ledge 
with the window open on a sunny day, ect., ect.,), or simply place the corresponding light bulb 12 to 18 
inches away from the reaction flask containing the toluene. A powerful regular light bulb, say a 180 to 220 
watt light bulb can also be used to speed up the reaction, but only by 25 to 30% of the ability of sunlight or 
other UV light sources. To use a regular 180 to 220 watt light bulb, simply place the light bulb 1 to 2 inches 
away from the reaction flask containing the toluene. If not using direct sunlight or any other UV light source, 
the reaction will take much longer, so continue to reflux the toluene at about 110 to 120 Celsius for about 8 to 10 
hours (even if the chlorine addition has been completed for some time). If using direct sunlight, or another UV light 


source, continue to reflux the reaction mixture at about 110 to 120 Celsius for about 3 hours (even if the chlorine 
addition has been completed for some time). Note: if using a standard light bulb (as of 180 to 220 watt), continue to 
reflux the toluene at 110 to 120 Celsius for about 5 to 6 hours (even if the chlorine addition has been completed for 
some time). After the necessary amount of time for refluxing the toluene mixture as ended, stop the reflux process, 
and allow the toluene reaction mixture to cool to room temperature. Once it has cooled to room temperature, 
disassemble the apparatus, and pour the entire reaction mixture into a clean beaker, and then add in 35 grams of 
pure fresh pyridine, stir mechanically for 45 minutes, and then filter-off the insoluble pyridine hydrochloride that 
forms, using a Buchner funnel under moderate suction, and then wash with two 100-milliliter portions of fresh 
toluene, and then collect the filtered reaction mixture. 
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Set-up for the preparation of benzyl chloride. Employed here is a 4-neck reaction flask (the fourth neck is 
concealed—set behind the center neck). The bleed tube should be submerged just below the surface of the 
boiling toluene, and is designed to act as relief for any back-pressure in the apparatus. The sodium 
carbonate solution will neutralize any hydrogen chloride gas formed as a byproduct during the reaction. The 
chlorine gas inlet tube should be submerged below the surface of the boiling toluene. 


After the toluene reaction mixture has been filtered, pour it into a multiple path distillation apparatus (as illustrated 
below). Then distill this toluene reaction mixture at about 180 Celsius. Note: if a heating mantle or hot plate 
capable of achieving such a high temperature is unavailable, use a Bunsen burner—but monitor the flame, and the 
temperature of the toluene reaction mixture carefully—do not exceed 200 Celsius. Note: obviously, vacuum 
distillation would be more convenient, and is recommend if such technology is available. 
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Process 2: preparation of benzyl cyanide 


Into a suitable sized reflux apparatus, equipped with addition funnel, thermometer, and motorized stirrer or other 
stirring means, place 5 grams of finely divided sodium cyanide, followed by 10 milliliters of warm water. 
Thereafter, briefly stir the entire mixture to form a uniform mix. Then prepare a solution by adding and dissolving 
10 grams of benzyl] chloride (prepared in the previous process) into 15 grams of 95% ethyl alcohol. Thereafter, 
place this benzyl chloride mixture into the addition funnel, and then slowly add it, drop-wise to the sodium cyanide 
mixture over a period of time sufficient to keep the sodium cyanide mixture below 40 Celsius. During the addition 
of the benzyl chloride mixture, rapidly stir the sodium cyanide mixture. Note: the addition should take no longer 
then 10 to 15 minutes. After the addition of the benzyl chloride/alcohol mixture, reflux the entire reaction mixture 
at 79 Celsius for about 1 hour with rapid stirring After refluxing the entire reaction mixture for about 1 hour, stop 
the reflux process, and then allow the reaction mixture to cool to room temperature. Thereafter, filter the reaction 
mixture using a Buchner funnel under moderate suction to remove insoluble sodium chloride, and then wash this 
filtered-off sodium chloride with two 25-milliter portions of 95% ethyl alcohol. Then combine both of these 
washing portions with the filtered reaction mixture, and then place this combined filtered reaction mixture into a 
distillation apparatus (equipped with motorized stirrer). Now, before distilling the mixture, add in 20 milliliters of 
water, and then distill the entire reaction mixture at 100 Celsius to remove water and alcohol. Note: during the 
distillation process, rapidly stir the entire reaction mixture. When no more water or alcohol passes over or is 
collected, stop the distillation process, and then allow the remaining left over contents to cool to room temperature. 
Thereafter, filter this left over remaining liquid using a Buchner funnel under moderate suction (to remove any 
impurities; if any). Now, place this filtered left over liquid into a clean flask or beaker, and then add in a warm 
sulfuric acid solution prepared by adding and mixing 3 milliliters of 98% sulfuric acid into 5 milliliters of water. 
Note: sulfuric acid generates excessive heat when dissolved in water, so allow the acid solution to cool to about 50 
to 60 Celsius before using. After adding in the warm acid solution, rapidly stir the entire mixture for about 30 
minutes. After 30 minutes, place the entire mixture into a separatory funnel, and then remove the upper benzyl 
cyanide layer. Then place this upper benzyl cyanide layer into a clean beaker, and then add in, 25 milliliters of a 
5% sodium bicarbonate solution, and then stir the entire mixture for about 10 minutes. Thereafter, place this 
entire two-phase mixture into a separatory funnel, and remove the lower benzyl cyanide layer. Finally, place this 
benzyl cyanide layer into a vacuum distillation apparatus, and then vacuum distill the benzyl cyanide at 162 Celsius 
under a vacuum of 100mm of mercury. After the distillation process, collect the benzyl cyanide fraction, and then 
set it aside for process 3. Note: prior to using this benzyl cyanide (for the next process). add to it, a small amount of 
anhydrous sodium sulfate and then stir the entire mixture for about 5 minutes—thereafter, filter-off the sodium 
sulfate using a Buchner funnel under moderate suction. This process is to make sure the benzyl cyanide is dry 
before using. 


Process 3: preparation of phenyl acetic acid and the sodium salt thereof 


Into a standard reflux apparatus, equipped with motorized stirrer, thermometer, and bulb reflux condenser, pour in 
150 milliliters of a 50% sulfuric acid solution, followed by 8 grams of benzyl cyanide (prepared in the previous 
process), and then turn on the motorized stirrer, and heating mantle, and begin a gentle reflux at 150 Celsius under 
rapid stirring. Continue to reflux the reaction mixture at 150 Celsius under rapid stirring for 12 hours. After 12 
hours, reduce the temperature of the heating mantle to 100 Celsius, and when the reaction mixtures temperature 
cools down to 100 Celsius under rapid stirring, add in, through the top of the bulb reflux condenser, 50 milliliters 
of excess water, and then continue to reflux the reaction mixture (boil the water) for 45 minutes. After 45 minutes, 
turn off the heating mantle, but continue to rapidly stir the reaction mixture, and allow the reaction mixture to cool 
to 70 Celsius, and once it has, quickly disassemble the apparatus, and then filter the hot reaction mixture using a 
clean Buchner funnel under moderate suction, and then allow the filtered reaction mixture to cool to room 
temperature. Once the reaction mixture has cooled to room temperature, extract the reaction mixture with six 150- 
milliliter portions of fresh diethyl ether, and after the extraction process, combine all ether extracts, if not already 
done so, and then add in, 50 grams of anhydrous sodium sulfate to absorb any moisture, and then filter-off the 
sodium sulfate using a clean Buchner funnel under moderate suction. Now, pour the entire filtered reaction mixture 
into a rotary evaporator, and evaporate-off the ether at 40 Celsius under mild vacuum until no more ether passes 
over or is collected. When this point is achieved, turn off the rotary evaporator, equalize the pressure, and then 
recover the left over phenyl acetic acid (as shown in the reaction equation), and then add it to a beaker filled with 
300 milliliters of dry chloroform, stir mechanically for 45 minutes, quickly filter using a Buchner funnel under 
rapid suction (to remove any insolubles), and then recrystallize this phenyl acetic acid product from the chloroform 
(see recrystallization for proper technique), collect each crop of crystals in a Buchner funnel, and once the volume 
of the chloroform solution (mother liquor) has been reduced by about 90%, stop the recrystallization process, 
suction dry the collected crystals of this phenyl acetic acid product as best as possible, and then place these crystals 
in an oven, and bake at 75 Celsius until thoroughly dry. Once this point is achieved, retrieve the dried desired 
product once it has cooled, and then pulverize it into a powder, and then place this powdered phenyl acetic acid into 
a clean beaker filled with 1500 milliliters of distilled water, stir mechanically for 30 minutes at room temperature, 
and then slowly add in, 12 grams of a 20% sodium hydroxide solution prepared by adding and dissolving 2.4 
grams of sodium hydroxide into 9.6 milliliters of distilled water. Note dissolving sodium hydroxide into water 
generates heat, so allow the sodium hydroxide solution to cool before adding. As usual, during the addition of the 
sodium hydroxide solution, rapidly stir this new reaction mixture. Once all the sodium hydroxide solution has been 
added, continue to stir the new reaction mixture for about 30 minutes at room temperature. Finally, recrystallize the 
desired product of sodium phenylacetate from the aqueous mixture, collect each crop of crystals in a Buchner 
funnel, and once the volume of the aqueous solution (mother liquor) has been reduced by about 90%, stop the 
recrystal lization process, suction dry the collected crystals of this sodium phenylacetate product as best as possible. 
and then place these crystals in an oven, and bake at 105 Celsius until thoroughly dry. Once this point is achieved, 
retrieve the dried desired product once it has cooled, and then place it into a clean glass jar and store in a cool dry 
place until use for step 4. 


Step 4: preparation of Tropic acid 
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First, repeat step 3, nine more times, so as to get 95 grams of sodium phenylacetate. Into a suitable sized 3-neck 
flask, fitted with mechanical stirrer, addition funnel, thermometer, and bulb reflux condenser, add in 24.4 grams of 
dry magnesium turnings, followed by 100 milliliters of fresh dry diethyl ether. Thereafter, gradually stir this 
ether/magnesium suspension for 5 minutes, and then through the top of the bulb reflux condenser, add in 2 
milliliters of ethyl bromide, and continue to stir the magnesium ether suspension gradually. As soon as a reaction 
can be seen happening, add in 400 milliliters of dry fresh diethyl] ether all at once, followed by adding in rapidly, 
79 grams of freshly prepared powdered sodium phenylacetate (prepared in step 3) through the top of the bulb 
reflux condenser, followed by 300 milliliters of additional dry fresh diethyl ether, and then begin to stir the 
reaction mixture on high speed, and maintaining its temperature below 45 Celsius. Now, prepare a solution by 
adding and dissolving 79 grams of isopropyl chloride into 250 milliliters of dry fresh diethyl ether, and then 
pour this solution into the addition funnel attached to the 3-neck flask. Thereafter, begin to drip in the isopropyl 
chloride/ether solution from the addition funnel, slowly, over a period of 15 to 20 minutes while rapidly stirring the 
reaction mixture. Note: the reaction mixture will begin to reflux, but maintain its temperature below 60 Celsius at 
all times. After the addition of the isopropyl chloride/ether solution to the refluxing reaction mixture, continue to 
stir the reaction mixture on high speed until no more bubbles of gas can be seen evolving (2 to 3 hours). Now, after 
2 to 3 hours, or once no more bubbles of gas can be seen evolving, place the 3-neck flask into an ice bath, and chill 
the reaction mixture to 0 Celsius. Thereafter, replace the addition funnel with a gas inlet tube, and then as soon as 
the reaction mixture has chilled to 0 Celsius, begin to bubble into the reaction mixture a mixture of dry nitrogen 
(150 mg per/minute) and pure dry formaldehyde gas (50 mg per/minute) while rapidly stirring the reaction mixture 
and maintaining its temperature at 0 to 10 Celsius at all times. Continue the nitrogen gas purge and formaldehyde 
gas until 120 grams of formaldehyde gas has been added to the reaction mixture. Once the desired amount of 
formaldehyde gas has been added to the reaction mixture, continue to bubble in dry nitrogen to maintain a nitrogen 
gas purge, and continue to rapidly stir the reaction mixture at 5 to 10 Celsius for 4 hours. After 4 hours, pour into 
the same addition funnel, 300 milliliters of ice cold water, and begin to add in slowly, this ice cold water to the 
reaction mixture while rapidly stirring the reaction mixture on high speed. After the addition of the ice-cold water, 
continue to stir the reaction mixture on high speed, for about 15 minutes, and then acidify the reaction mixture by 
adding to it, 600 milliliters of 20% hydrochloric acid, and then continue to rapidly stir the reaction mixture at a 
temperature around 0 to 5 Celsius for 1 hour. After 1 hour, turn off the mechanical stirrer, and allow the reaction 


mixture to settle, whereupon a two-phase mixture will result. Now, disassemble the apparatus, and pour the entire 
reaction mixture into a large separatory funnel, allow to stand for 10 minutes, and then drain-off the bottom acid 
aqueous layer, and then collect the upper ether layer and set-aside for the moment. Now, to the drained off acid 
aqueous layer, extract it with three 175-milliliter portions of fresh diethy] ether, and then after the extractions, 
combine all three ether extracts if not all ready done so, and then add this combined ether extract to the collected 
upper ether layer from the separatory funnel. Now, to this ether mixture, add to it, 75 grams of anhydrous sodium 
carbonate (to neutralize acid, if any present), and then acidify this carbonated ether mixture with 350 milliliters of 
a 25% sulfuric acid solution, and then rapidly stir this new acidified reaction mixture for 45 minutes, and then 
stop stirring and allow the reaction mixture to settle, whereupon a two-phase mixture will result. Then, simply pour 
the entire acidified mixture into the same large separatory funnel used before, allow to stand for 5 minutes, then 
drain-off the lower acid layer, and then collect the upper ether layer and set-aside for the moment. Now, to the 
drained off acid aqueous layer, extract it with three 175-milliliter portions of fresh diethyl ether (like before), 
and then after the extractions, combine all three ether extracts if not all ready done so, and then add this combined 
ether extract to the collected upper ether layer from the separatory funnel (like before). Now, to this combined ether 
mixture, add to it 75 grams of anhydrous magnesium sulfate, stir for 45 minutes (to absorb moisture), and then 
filter-off the magnesium sulfate using a Buchner funnel under moderate suction, and then place the dried ether 
mixture into a rotary evaporator and evaporate-off the ether at 40 Celsius until no more ether passes over or is 
collected. When this point is achieved, turn off the rotary evaporator, and collect the remaining residue that remains 
behind-this left over residue will be the impure desired product of tropic acid. Finally, recrystallize the desired 
product of tropic acid from 750 milliliters of dry benzene, collect each crop of crystals ina Buchner funnel, and 
once the volume of the benzene mixture (mother liquor) has been reduced by about 90%, stop the recrystallization 
process, suction dry the collected crystals of this pure tropic acid product as best as possible, and then place these 
crystals in an oven, and bake at 100 Celsius until thoroughly dry. Once this point is achieved, retrieve the dried 
desired product of tropic acid once it has cooled, and then place it into a clean glass jar and store in a cool dry place 
until use for step 5. 


Step 5: preparation of Atropine 
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Into a three neck flask equipped with mechanical stirrer, thermometer, and bulb reflux condenser and sitting inside 
a round bottom heating mantle, pour into the 3-neck flask a solvent solution prepared by adding and dissolving 60 
grams of Tropine (prepared in step 2) into 500 milliliters of dry fresh diethyl ether, followed by another solvent 
solution prepared by adding and dissolving 70.6 grams of tropic acid (prepared in step 4), into 500 milliliters of 
dry benzene, and then followed by 75 milliliters of conc. hydrochloric acid. Thereafter, turn on the motorized 
stirrer to high speed, and then turn on the heating mantle to 80 Celsius, and bring the reaction mixture to reflux. 
Continue to reflux the reaction mixture at 80 Celsius under rapid stirring for 3 hours. After 3 hours, turn off the 
heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the cool down period, 
continue to rapidly stir the reaction mixture. Once the reaction mixture has cooled to room temperature, 
disassemble the apparatus, and then pour the entire reaction mixture into a rotary evaporator, and evaporate-off the 
ether, benzene, and water at 80 Celsius under a vacuum of 90mm of mercury until all fluids have been removed, 
and a dry residue remains behind. Once this point is achieved, turn off the rotary evaporator, equalize the pressure, 
and then recover the left over residue that remains behind (once it has cooled), and then add it to a large beaker, 
fitted with mechanical stirrer, filled with 2000 milliliters of boiling water, and then rapidly stir this new mixture 
for about 2 hours under boiling conditions (100 Celsius). Note: during this 2 hour period, more water will have to 
be added due to evaporation—maintain the volume of the aqueous mixture around 2000 milliliters. After boiling for 
about 2 hours, slowly add in, in small portions at a time, a alkaline solution prepared by adding and dissolving 38 
grams of anhydrous sodium carbonate into 114 milliliters of water, and stir the reaction mixture at 100 Celsius 
during the addition. Once all the sodium carbonate solution has been added, continue to boil the aqueous reaction 
mixture for 1 hour under rapid stirring. After 1 hour, turn off the heat source, and allow the boiling reaction mixture 
to cool to room temperature. Once it has cooled to room temperature, place the beaker into an ice bath, and chill the 
aqueous reaction mixture to 0 Celsius under moderate stirring. Continue to stir the aqueous reaction mixture at 0 
Celsius for 2 hours. After 2 hours, add in 500 milliliters of ice water, and continue to stir the aqueous reaction 
mixture at 0 Celsius for an additional 45 minutes. Thereafter, remove the ice bath, and mechanical stirrer, and then 
filter-off the insoluble desired product of atropine using a Buchner funnel under moderate suction, wash with three 
500-milliliter portions of ice cold water, and then suction dry as best as possible. Finally, recrystallize the suction 
dried desired product atropine from 750 milliliters of dry acetone, collect each crop of crystals in a Buchner 
funnel, and once the volume of the acetone mixture (mother liquor) has been reduced by about 90%, stop the 
recrystallization process, suction dry the collected crystals of the pure atropine product as best as possible, and then 
place these crystals in an oven, and bake at 75 Celsius until thoroughly dry. Once this point is achieved, retrieve the 
dried desired product of atropine once it has cooled, and then place it into a clean glass jar and store in a cool dry 
place until use, preferably stored in a desiccator over phosphorus pentoxide for prolonged storage. 


Chapter 04: BZ 


Overview 


BZ is a powerful, and potent yet non-lethal glycolate anticholinergic incapacitating agent that decreases the 
effective concentration of acetylcholine that occur at these post sites. The agent defeats acetylcholine at the 
postsynaptic and post junctional muscarinic receptor sites found in the muscle tissue of the heart, chest, abdominal, 
digestive, and fat tissue effecting the normal operation of said muscles and tissue. The agent also penetrates the 
exocrine glands, autonomic ganglia, and eventfully, yet rapidly enters the blood stream and goes directly to the 
brain, effecting several of the brains nodes. BZ inhibits proper neurotranmitting acetylcholine neurons mainly, and 
specifically at the postsynaptic neuron receptors, cardiac and muscular receptors, and exocrine glands; these 
properties make these receptors unavailable as the acetylcholine receptors are decreased as the BZ attacks the 
receptors available for binding to acetylcholine, and hence the receptors receive less acetylcholine, and hence 
leading to a lag or shortage of acetylcholine at these sites. When this happens, an onset of visual and psychological 
symptoms develop within 45 to 90 minutes of exposure (mainly through inhalation). BZ can act as a delirium 
similar to daturan, belladonna, and atropine, but with severe onset of hallucinations and physical symptoms. In 
essence, BZ is a anticholinergic, acting specifically on the muscarinic receptors as mentioned, and it is extremely 
dangerous and potent. The antidote to BZ intoxication is the drug tetrahydroacridine, which eliminates the 
symptoms and intoxication effects within 30 minutes of injection of 1.2 to 3.5 mg per/Kg. Treated victims are then 
usually put on a standard potassium chloride i.v. for up to 6 hours, followed by Physostigmine i.y. for up to 3 hours 
(low doses for both the potassium chloride and physostigmine). Patients should then be carefully monitored looking 
for signs of respiratory depression, slow heart rate, and low blood sugar ratio. The physostigmine reverses the 
intoxication process by increasing the concentration of acetylcholine in the neuroglandular, neuromuscular, and 
synapses junction sites. 


BZ intoxication is capable of producing nightmarish hallucinations, delusions, and physical symptoms, the latter 
that may be confused with nerve agent intoxication (at first) when on the battlefield. The most common physical, 
and easily identified symptoms of BZ intoxication are: 

|. Dilated pupils in the eyes, followed by tearing. 

2. Gastrointestinal disturbances. 

3. Cold sweats, and flushing of the skin within 2 to 3 hours of intoxication, followed by the drying of the skin after 
8 to 10 hours after exposure. 

4, Blurred speech. 

5. Stupor (difficulty standing, walking, and maintaining balance; effects which really depend on the dose of BZ that 
enters the body); usually the stupor effects wear off within 24 hours of exposure, and extreme and violent 
hallucinations then begin. 

6. Increased heart rate, followed by a dramatic depression of heart rate. 

7. Scratching of eyes, nose and ears. 

8. Upset stomach, possibly leading to nausea and vomiting. 

9. Dry mouth, followed by excess salvation after 4 to 6 hours of exposure (similar to exposure to tear gas). 

10. Elevated blood pressure, followed by decrease in blood pressure and repeating over and over again. 

11. Muscle tremors. 


Now, many of these physical symptoms are very similar to the physical symptoms of personnel exposed to nerve 
agents, so at first, exposed personnel may think and act upon as if they were contaminated by a nerve agent; acting 
accordingly, i.e. soldiers injecting themselves with nerve agent antidotes such as 2-PAM Chloride and Atropine, 
and this can have lethal effects upon the body, especially when atropine is injected as the atropine will attack the 
same receptor sites as the BZ and hence, a "stand off" may occur leading to cardiac arrest followed by death. This 
obviously poses a problem for the soldier in combat when entering a contaminated environment of BZ and not of a 
nerve agent. Now, as mentioned, BZ is a powerful hallucinogen, capable of producing nightmarish hallucinations, 
extreme rage, and feelings described as "the world turning side ways". The most common psychological symptoms 
of BZ intoxication are: 

1. Confusion (the most obvious). 

2. Extreme hallucinations, often nightmarish and violent (in many cases the hallucinations may start out as 
panoramic). 

3. Rage and anger (although denied by the US government, experiments during the Vietnam war by the CIA on a 
platoon of US Army soldiers ended in tragedy when the soldiers where intentionally exposed to BZ; at first, the 


soldiers experienced the usual physical symptoms as indicated previously over a latent period of 3 to 24 hours, and 
then secondly, the soldiers began to hallucinate in a "zombie" like state at the latent point of 24 to 48 hours after 
first exposure, and then, thirdly, the soldiers became enraged and extremely paranoid and aggressive around the 
latent period of 48 to 57 hours after first contact, and then during the latent time period of 57 to 65 hours after first 
contact, they ended up hacking each other to death with their bare hands, knives, and bayonets leading to a bloody 
and gory slaughter), The CIA, and other government agencies throughout the world carried out many similar 
experiments with BZ (mainly during the 1960's) on groups of animals and even unsuspecting people (without 
treatment), and many of the tests ended in a similar manner as noted in the previous, with the animals attacking 
each other to the point of death. 

4. Inability to control emotions (as with anger and rage, but also feclings of extreme loneliness and feelings of "life 
is pointless, there is no God", and extreme feelings of hopelessness, followed by extreme rage and anger as 
indicated above). 

5. Difficulty in distinguishing reality from non-reality. 

6. Abnormal thinking, as in abnormal thinking patterns, which are difficult to diagnose if not impossible. Soldiers 
are likely to disobey orders from commanding officers or NCO's, and may even become enraged and homicidal 
carrying out fratricides of their fellow soldiers. 

7. Severe dementia. 

8. Psychopathic illusions, and feelings of "blood lust". 

9. Severe anxiety and paranoia (the latter as described). The anxiety is usually delayed by up to 12 hours after 
intoxication of BZ. 

10. Sharing of illusions (in many reported cases of persons intoxicated by BZ, at first, in a latent period of 3 to 18 
hours after first contact, would suffer from panoramic and conjugated hallucinations; for example, one test on 
several GI’s, caused the soldiers to play a game of baseball, where to them, they clearly thought they were playing 
baseball, but to a regular non-intoxicated person, they were not). Other tests showed intoxicated persons smoking 
invisible cigarettes, riding invisible bicycles, and drinking invisible soda, which to them, seemed like reality, when 
in fact obviously it was delusional actions, and not reality. 


BZ, also known as QNB or EA-2277, was designated the term BZ by NATO in the early 1960's, and was first 
weaponized by the Americans, and then by the British, Germans, and Russians by the mid 1960's. The chemical 
name for BZ is 3-quinuclidinyl benzilate, and its IUPAC name is 1-azabicyclo[2.2.2]octa-3-yl alpha-hydroxy- 
alpha-phenylbenzeneacetate. The potent agent was, according to references was first discovered by Hoffman- 
LaRoche in 1951 when they mistakenly discovered it when looking for new anti-spasmodic agents; however this 
has yet to be completely proven, and some note to German scientists during WWII discovering the agent in the 
later days of the war, and said research papers and information were captured by the allies at the end of the war. In 
the modern era, circa 2012, BZ is actually used on a small scale by pharmaceutical companies for research into 
muscarinic receptor antagonists. 


BZ; EA-2277; Ro-2-3308; 3-quinuclidinyl benzilate; 1-azabicyclo[2.2.2]octa-3-yl 
alpha-hydroxy-alpha-phenylbenzeneacetate; 1-azabicyclo[2.2.2 Joct-3-yl 
hydroxy(diphenyl)acetate 


Molecular Formula = C>;H23;NO3 Formula Weight = 337.41222 
Composition = C(74.75%) H(6.87%) Molar Refractivity = 96.29 + 0.4 
N(4.15%) O(14.23%) cm’ 
Molar Volume = 268.2 + 5.0 cm” Parachor = 740.1 + 6.0 cm* 
Index of Refraction = 1.637 + 0.03 Surface Tension = 57.9 + 5.0 
dyne/em 
Density = 1.25 + 0.1 g/em* Polarizability = 38.17 + 0.5 10™cm' | 
Monoisotopic Mass = 337.167794 Da Nominal Mass = 337 Da 
Average Mass = 337.4122 Da M+ = 337.167245 Da 
M- = 337.168342 Da [M+H]+ = 338.17507 Da 
[M+H]- = 338.176167 Da [M-H]+ = 336.15942 Da 
[M-H]- = 336.160517 Da Smiles: 
OC(clecccel (el ceece1 )C(=O) 
OC1CN2CCC1CC2 
InChI = 18/C21H23NO3/c23-20(25- 
19-15-22-13-11-16(19)12-14- 
22)21(24,17-7-3-1-4-8-17) 18-9-5-2-6- 
10-18/h1-10,16,19,24H, 11-15H2 


BZ forms white to colorless odorless beautiful crystals, with a melting point of 165 Celsius when recrystallized 
from acetone/ether. The agent is readily soluble in acetone, ether, methylene chloride, chloroform, THF, DMSO, 
DMF, benzene, and toluene, but only very slightly soluble in water, hexane, petroleum ether, kerosene, and 
naphtha. BZ is a super powerful, yet relatively non-toxic incapacitating agent, which can cause incapacitation from 
as little as 0.0066 mg per 160 pound man. The agent is readily and rapidly absorbed by the lungs, producing 
intoxication effects within 3 to 6 hours of exposure. The agent is also readily absorbed through the skin, especially 
wet to moist skin, where-by the intoxication effects become apparent within 2 to 12 hours depending on dose 
absorbed. The incapacitating dose through skin absorption is 0.0199 mg per 180 pound man. In essence, BZ is a 
delayed action producing casualty agent that has a incubation period or down time of up to 12 hours, depending on 
the person being exposed. In some cases, exposed personnel, especially children will begin to feel intoxication 
effects within 30 minutes of inhalation of the dust or particles. as such, the only method of dissemination of BZ is 
through aerosol techniques and smoke, whereby the agent is mixed with a liquefied petroleum gas, or liquefied 
fluorocarbon gas or mixed with a pyrotechnic composition. As noted, BZ is not very soluble in water, and is very 
stable towards water so it can be used in wet and moist enviornments whereby it can persist for up to 8 to 9 weeks 
with a half-life of about 2.9 weeks, and hence can be used to contaminate said environments waiting for victims. In 
dry enviornments, the agent can persist for up to 3 months or longer. The exact LDsp in rabbits is questionable, but 
recent data reports it to be around 690.8 mg per/Kg; however, this dosage would have to be taken all at once. As 
indicated, the only method of dissemination of this agent is through aerosol or smoke, whereby it is mixed with an 
inert liquefied petroleum gas or liquefied fluorocarbon, and then either slowly released (like a can of hair-spray), or 
rapidly released, in any case whereby it then forms a super fine mist of particles that can spread airborne over a 
wide area in a very short period of time, with similar action when using smoke. According to Russian research, 
intoxication of BZ can produce the said symptoms as listed previously, and these effects can last for up to 6 days 
without treatment; in some cases, intoxicated persons without treatment, will either become homicidal or suicidal. 
Inhalation of BZ is the most common entry of the agent into the body whereby it is rapidly absorbed by the lungs 
and enters the blood stream in minutes spreading throughout the body and into the brain; however, the agent can be 
absorbed through the eyes, open wounds, and through skin absorption as noted. However, skin absorption takes 
longer, and once absorbed takes longer to enter the vascular system, thereby delaying the toxic effects of the agent 
by up to 12 hours depending on the amount of lethal agent absorbed as noted. 


OVERALL RATING (scale from 1 to 10) 
Effectiveness (as incapacitating agent): 10+ | Field Stability: 9.5 in moist environments; 10 


(by far the most potent and dangerous in dry environments 
incapacitating agent known to man). 
Persistence (open area): 9.5 Storage stability: 10 (when kept dry) 
Persistence (enclosed area): 10 Toxicity (as incapacitating agent): Inhalation: 


4 estimated; skin absorption: 1.2 estimated; 
eye absorption: 3; ingestion: 1 (victims who 

ingest the agent will not show any signs of 
nausea or vomiting, and the majority of the 
agent will break down in the digestive tract) 


POTENT LUNG POTENT SKIN INCAPACITATING 
HALLUCINOGEN HALLUCINOGEN ABSORPTION ABSORPTION © AGENT 


POTENT EYE 
ABSORPTION 


PREPARATION I: 


CH. 
PAGE 
Ho~ 
SS dissolve oily residue in 
KMnO./water »_warmtoR.T. 35% HCI » Warm acetone 
Z ice bath let stand overnight stir stir 
N stir filter/~wash evaporate filter ti 
4-vinylpyridine combine washings add methanol to residue evaporate 
extract with ether stir ; 
15% KOH in methanol recrystallize from 
stir hot benzene/acetone 
filterAwash — dissolve product in 
combine washings hot benzene/acetone 
evaporate ladd charcoal/stir 
filter 
recrystallize/dry 
qu 
99% ethanol MOS aren 
Pto, 
OH hydrogen 
| filter/wash 100 psi S 
HO. CH2~« ~ d | 
H evaporate 40 Celsius 2 
du recrystallize from stir N 
1 hot acetone 4-pyridylethylene glycol 
HyC~ CHe dry pyriaylethy! gly: 
H.C. UCH> 
N 
H 
4-piperidylethylene glycol 
Cyclodehydration (see 
process and illustration) add residue to boiling 
heptane/stir 
filter N 
> 
evaporate methanol recrystallize/dry 
obtained from the end of 
cyclodehydration process 
OH 


3-Quinuclidinol 
Step 1: preparation of 3-quinuclidinol 
Process No. 1: preparation of 4-pyridylethylene glycol 


Into a large capacity 3-neck flask, sitting inside an ice bath, and equipped with motorized stirrer, thermometer, and 
super large addition funnel, add 157.5 grams of 4-vinylpyridine, followed by 1350 milliliters of water. Then, turn 
on the motorized stirrer to high speed, and begin to rapidly stir these contents. In the meantime, pour into the 
addition funnel, a solution prepared by adding and dissolving 157.8 grams of potassium permanganate into 4500 
milliliters of water. Now, once the reaction mixture inside the 3-neck flask has cooled to 0 Celsius, begin to add, 
drop wise, the potassium permanganate solution over a period of about 2 hours, while rapidly stirring the reaction 
mixture and maintaining its temperature below 5 Celsius at all times. Once all the potassium permanganate solution 
has been added from the addition funnel into the reaction mixture, continue to rapidly stir the reaction mixture at 0 
to 5 Celsius for 2 hours, and then after 2 hours, turn off the motorized stirrer, and remove the ice bath, and allow 
the reaction mixture to stand at room temperature overnight. The next day, disassemble the apparatus, and then 
filter-off the insoluble by-products using a all glass Buchner funnel under strong suction, wash with three 150- 
milliliter portions of hot water, combine all washings with the filtered reaction mixture, and then extract this 
diluted reaction mixture with three 1500-milliiter portions of fresh diethyl ether. Note: after each extraction the 
ether portions will be the upper layer, and can be removed using a separatory funnel in the usual manner, and then 
discarded for recycling. Now, after the ether extraction, take the aqueous reaction mixture, and add to it, 750 
milliliters of conc. hydrochloric acid, and mechanically stir this acidified aqueous reaction mixture for 45 minutes 
at room temperature. After 45 minutes, stop stirring and then pour the entire aqueous reaction mixture into a 


vacuum distillation apparatus, and evaporate-off the water at 80 Celsius under high vacuum until a dry residue 
remains. When dry residue remains, stop the vacuum distillation process, equalize the pressure, and then recover 
the left over residue, once it has cooled, and then place it into a beaker, and then add in 600 milliliters of fresh 
99% methanol, and then mechanically stir for about | hour at room temperature. Thereafter, add in 3000 
milliliters of a 15% potassium hydroxide in methanol solution, and then continue to mechanically stir this 
methanol mixture for 2 hours at room temperature. After 2 hours, filter the methanol mixture using a clean Buchner 
funnel, under strong suction to remove insolubles, and then wash with three 150-milliliter portions of acetone, 
and then combine these washings with the filtered methanol mixture. Now, once again, place this 
methanol/acetone/aqueous filtered reaction mixture into a clean vacuum distillation apparatus, and distill-off all 
fluids at 80 Celsius under high vacuum until a thick icky oily residue remains behind. Once this point is achieved, 
stop the vacuum distillation, equalize the pressure, and then recover the left over viscous oily residue, once it has 
cooled, and then place this thick icky oily residue into a large capacity beaker equipped with mechanical stirrer, and 
then add in 1500 milliliters of pre-heated acetone (pre-heated to 45 Celsius), and then stir this mixture on high 
speed for 45 minutes to dissolve the desired product, and then filter this acetone mixture to remove insoluble 
impurities, and then after the filtration process, pour the filtered acetone mixture into a rotary evaporator, and 
evaporate-off the acetone at 50 Celsius under moderate vacuum until dry solid residue remains. Once dry residue 
remains, and all the acetone has passed over, turn off the rotary evaporator, equalize the pressure and then recover 
the left over dried residue from the rotary evaporator, and then add it to a solvent mixture contained in a beaker, 
and prepared by mixing 1000 milliliters of acetone into 1000 milliliters benzene, and then recrystallize the crude 
desired product from the acetone/benzene solvent mixture (see recrystallization for proper technique), collect each 
crop of crystals in a Buchner funnel, and once the volume of the acetone/benzene mixture (mother liquor) has been 
reduced by about 80%, stop the recrystallization process, suction dry the collected crystals of the product as best as 
possible, and then place these suction dried crystals into a beaker containing a boiling mixture of 1200 milliliter of 
acetone with 1200 milliliters of benzene, mechanically stir for 45 minutes, add in 100 grams of charcoal 
powder, continue to rapidly stir the mixture for 1 hour at boiling temperature, and then temporarily remove the 
heat source, and allow the acetone/benzene mixture to cool to 40 Celsius, and then filter-off the decolorizing 
charcoal using a clean Buchner funnel under strong suction, and then pour the acetone/benzene mixture back into 
the same beaker, and then recrystallize the desired product once more from the acetone/benzene solvent mixture, 
collect each crop of crystals in a Buchner funnel, and once the volume of the acetone/benzene mixture (mother 
liquor) has been reduced by about 80%, stop the recrystallization process, suction dry the collected crystals of the 
product as best as possible, and then place these suction dried crystals into an oven, and bake at 90 Celsius until 
thoroughly dry. Once dry, remove the dried desired product of 4-pyridylethylene glycol, once it has cooled, and 
then pulverize it into a powder, and then place said powder in a glass jar, and store in a cool dry place until use for 
process No. 2. 


Process No. 2: preparation of 4-piperidylethylene glycol 


Into a 3-neck flask, equipped with motorized stirrer, gas inlet tube, thermometer, bulb reflux condenser, and sitting 
inside a round bottom heating mantle, and said flask equipped with pressure pump, and emergency pressure relief 
valve pour in 1500 milliliters of dry 99% ethanol, followed by the dried desired product from process No. 1, 
and then followed by 5 grams of finely powdered platinum dioxide. Now, turn on the pressure pump, and bring 
the pressure inside the apparatus to 100 psi, and then turn on the motorized stirrer to high speed, and then turn on 
the heating mantle to 40 Celsius, and once the reaction mixture reaches 40 Celsius under a pressure of 100 psi, 
begin to pass in dry hydrogen gas, at a flow rate of 50 mg per/minute, while rapidly stirring the reaction mixture 
and maintaining its temperature around 40 Celsius. Note: the addition of the hydrogen will take considerable time, 
but as soon as gas bubbles are seen coming from the reaction mixture, this means the absorption of hydrogen is 
complete). Once gas bubbles are seen emanating from the reaction mixture, turn off the hydrogen gas source, turn 
off the heating mantle, turn off the pressure pump, equalize the pressure inside the apparatus back to STP, and 
allow the reaction mixture to cool to room temperature. Note; continue to rapidly blend the reaction mixture during 
the cool down period. Now, once the reaction mixture has cooled to room temperature, disassemble the apparatus, 
filter-off the insoluble catalyst of platinum dioxide, wash with three 75 milliliter portions of fresh 99% ethanol, 
and then place the filtered reaction mixture into a rotary evaporator, and evaporate-off the ethanol at 60 Celsius 
under moderate vacuum until no more liquid passes over, and a dry residue remains. Once this point is achieved, 
turn off the rotary evaporator, equalize the pressure, and then recover the left over dried residue from the rotary 
evaporator, once it has cooled, and then recrystallize the desired product from the 2000 milliliters of acetone, 
collect each crop of crystals in a Buchner funnel, and once the volume of the acetone mixture (mother liquor) has 
been reduced by about 80%, stop the recrystallization process, suction dry the collected crystals of the product as 
best as possible, and then place these suction dried crystals into an oven, and bake at 80 Celsius until thoroughly 


dry. Once dry, remove the dried desired product of 4-piperidylethylene glycol, once it has cooled, and then 
pulverize it into a powder, and then place said powder in a glass jar, and store in a cool dry place until use for 
process No. 3. 


Process No. 3: preparation of 3-Quinuclidinol 


Ok, now comes the interesting part, assemble an apparatus as similar to the one illustrated in the following, and 
then into the top 3-neck flask, as illustrated, place the dried desired product from process No. 2 there into, and 
then fill the glass tube in the left apparatus with a type of aluminum oxide called 'Woelm basic alumina" (500 
grams), and then using a tube furnace, turn the heat to 300 Celsius. Then, turn on a nitrogen gas purge as illustrated, 
and when the tube furnace reaches 300 Celsius, begin to pass into the outer jacket of the top 3-neck flask, as 
illustrated, hot steam around 105 to 110 Celsius to melt the product of 4-piperidylethylene glycol (obtained in 
process No. 2), while keeping the stopcock only slightly open so as to allow the molten 4-piperidylethylene glycol 
(obtained in process No. 2), to drip and flow through the alumina catalyst slowly, and then collecting the resulting 
product in the receiver flask at the bottom (as illustrated), filled with 99% methanol, from which the product will 
dissolve there into. Once all the molten 4-piperidylethylene glycol in the upper 3-neck flask has been passed 
through the alumina catalyst at 300 Celsius as illustrated, and said product thereof collected and dissolved in the 
methanol (750 milliliters) in the lower receiver flask as illustrated, turn off the tube furnace, turn off the steam 
source, turn off the nitrogen gas purge, and then allow the apparatus as illustrated to cool to room temperature. 
Note: the apparatus, i.e. the upper 3-neck flask, and alumina tube can be re-used for a second run if desired. Now, 
remove the lower receiver flask containing the methanol mixture from the apparatus, and then add to it, 750 
milliliters of dry benzene, mechanically stir for 1 hour, and then place this solvent mixture into a rotary 
evaporator, and remove the methanol and benzene at 70 Celsius under high vacuum until dry residue remains, Once 
this point is achieved, turn off the rotary evaporator, equalize the pressure, and then recover the left over dried 
residue, once it has cooled, from the rotary evaporator. Now, we must carryout a secondary catalyst reaction, so 
assemble an apparatus as illustrated in the right illustration of the following illustration, but this time, mix the 
collected dry residue just obtained in the previous, with 350 grams of a different kind of aluminum oxide called 
"Woelm neutral alumina", this mixture can be obtained by ball milling the two ingredients for 10 minutes on 
rapid rotation. Thereafter, turn on the tube furnace to 200 Celsius, and once the tube filled with the catalyst and 
dried residue from previous reaches 200 Celsius, continue to heat the tube containing the ingredients at 200 Celsius 
until no more oily mass drips through the tube and into the lower receiver flask containing the methanol (750 
milliliters of 99% methanol), as illustrated. When this point is achieved, turn off the tube furnace and allow it to 
cool to room temperature, and turn off the round bottom heating mantle as illustrated, and allow the methanol 
mixture to cool to room temperature. Once it has, remove it from the apparatus, and then place this methanol 
mixture into a rotary evaporator, and evaporate-off the methanol at 60 Celsius under high vacuum until no more 
methanol passes over or is collected. When this point is achieved, turn off the rotary evaporator, equalize the 
pressure, and then recover the left over dried residue of crude desired product of 3-Quinuclidinol, once it has 
cooled, and then add this collected crude product and add it to a suitable sized beaker containing 1200 milliliters of 
dry boiling heptane, mechanically stir for 1 hour at boiling temperature (70 Celsius), and then after | hour, turn 
off the heating source, and allow the boiling heptane mixture to cool to 40 Celsius, and once this temperature is 
obtained, quickly filter this warm heptane mixture using a clean Buchner funnel under moderate suction, and then 
place the filtered warm heptane mixture back on the heating source, and then recrystallize the desired purified 
product of 3-Quinuclidinol from the boiling heptane, collect each crop of crystals in a Buchner funnel, and once the 
volume of the heptane mixture (mother liquor) has been reduced by about 80%, stop the recrystallization process, 
suction dry the collected crystals of the product as best as possible, and then place these suction dried crystals into 
an oven, and bake at 80 Celsius until thoroughly dry. Once dry, remove the dried desired product of 3- 
Quinuclidinol, once it has cooled, and then pulverize it into a powder, and then place said powder in a glass jar, and 
store in a cool dry place until use. 
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Step 2: preparation of Benzoin 
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Into an apparatus as illustrated in the following, place 312.5 grams of 95% ethyl alcohol, followed by 250 
milliliters of distilled water, and followed by 250 grams of benzaldehyde (note: make sure the benzaldehyde is 
as pure as possible, and moisture and water free. A sample of the benzaldehyde should also be checked for 
oxidation prior to use), Thereafter, begin a nitrogen gas purge as illustrated, turn on the motorized stirrer to high 
speed, and blend the reaction ingredients for 45 minutes to form a uniform mixture. Thereafter, add in all at once, 
25 grams of pure powdered sodium cyanide, and then continue to stir the reaction mixture on high speed at room 
temperature for about 10 minutes. Thereafter, now comes the cautious part, turn on the heating mantle to 50 
Celsius, and gently bring the reaction mixture to a gentle reflux under rapid stirring. Note: the reaction can become 
violent at elevated temperatures so monitor the temperature very closely, and do not allow it to rise above 70 


Celsius. Continue to gently reflux the reaction mixture at 50 to 70 Celsius under rapid stirring and nitrogen 
atmosphere for about 20 to 30 minutes; where upon crystals will begin to precipitate. After about 20 to 30 minutes, 
turn off the heating mantle, and slowly allow the reaction mixture to cool to room temperature. Note: continue to 
rapidly stir the reaction mixture during the cool down period. Once the reaction mixture has cooled to room 
temperature, disassemble the apparatus, and then dilute the reaction mixture by adding to it, 500 milliliters of 
distilled water, mechanically stir for 45 minutes, and then filter-off the insoluble crude desired product using a 
Buchner funnel under moderate suction, wash with three 150-milliliter portions of ice cold water, and then 
suction dry the filtered-off crystals as best as possible. Now, place the washed filtered-off crude product in an oven 
and bake at 105 Celsius until thoroughly dry. Once this point is achieved, remove the crude dried Benzoin product 
from the oven, once it has cooled, and then recrystallize it from 1750 milliliters of 99% ethanol, collect each crop 
of crystals in a Buchner funnel, and once the volume of the ethanol mixture (mother liquor) has been reduced by 
about 85%, stop the recrystallization process, suction dry the collected crystals of the product as best as possible, 
and then place these suction dried crystals into an oven, and bake at 80 Celsius until thoroughly dry. Once dry, 
remove the dried desired product of Benzoin, once it has cooled, and then pulverize it into a powder, and then place 
said powder in a glass jar, and store in a cool dry place until use for step 3. 
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Step 3: preparation of Benzilic acid 
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Into a extra large 3-neck flask, sitting inside a round bottom heating mantle, and equipped with thermometer, 
addition funnel, bulb reflux condenser, and mechanical stirrer, place 440 milliliters of distilled water, and then 
add in 250 grams of pure powdered sodium hydroxide, followed by 57.5 grams of sodium bromate, and then 
turn on the motorized stirrer to high speed, and blend this reaction mixture on high speed for 45 minutes to form a 
uniform mixture, Thereafter, add in 225 grams of benzoin (prepared in step 2), and then add to the addition funnel 
375 milliliters of fresh distilled water, and then turn on the heating mantle, and gently bring the temperature of the 
reaction mixture to 85 Celsius under rapid stirring. Now, continue to rapidly stir and heat the reaction mixture at 85 
Celsius (do not exceed 87 Celsius), for 3 hours. Note: during the heating and reaction period, the reaction mixture 
will become thick, this is where the distilled water in the addition funnel comes into play; therefore, during the 3 
hour heating and stirring process, every 15 to 20 minutes add in some distilled water to the reaction mixture to 
loosen the thickness of the reaction mixture, and continue to do this over the 3 hour period until all the distilled 
water in the addition funnel has been added to the reaction mixture. Now, after heating and stirring for 3 hours, turn 
off the heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the cool down 
period, rapidly stir the turbid reaction mixture. Once the reaction mixture has cooled to room temperature, add in 
2000 milliliters of fresh distilled water, and continue to rapidly stir the reaction mixture to loosen it up, and 
continue to stir for 45 minutes. After 45 minutes, turn off the motorized stirrer, and allow the reaction mixture to 
stand overnight at R.T. Now, the next day, disassemble the apparatus, and then filter this reaction mixture using a 
Buchner funnel under moderate suction to remove insoluble impurities, and then pour the filtered reaction mixture 
into a large beaker, equipped with mechanical stirrer, and then slowly add in, cautiously, 650 milliliters of a 25% 
sulfuric acid solution, while rapidly stirring the reaction mixture, and maintaining its temperature around 20 to 30 
Celsius at all times. Once all the dilute sulfuric acid has been added, continue to stir the reaction mixture at room 
temperature for 2 hours. Thereafter, turn off the motorized stirrer, and then filter-off the insoluble crude desired 
product of Benzilic acid, wash with three 250-milliliter portions of warm water, and then suction dry as best as 
possible. Now, place the washed filtered-off crude product in an oven and bake at 105 Celsius until thoroughly dry. 
Once this point is achieved, remove the crude dried Benzilic acid product from the oven, once it has cooled, and 
then recrystallize it from 1500 milliliters of freshly distilled dry benzene (see recrystallization for proper 
technique), collect each crop of crystals in a Buchner funnel, and once the volume of the benzene mixture (mother 
liquor) has been reduced by about 85%, stop the recrystallization process, suction dry the collected crystals of the 
product as best as possible, and then place these suction dried crystals into an oven, and bake at 90 Celsius until 
thoroughly dry. Once dry, remove the dried desired product of Benzilic acid, once it has cooled, and then pulverize 
it into a powder, and then place said powder in a glass jar, and store in a cool dry place until use for step 4. 
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Into a 3-neck flask, sitting inside a heating mantle, and equipped with thermometer, mechanical stirrer, and bulb 
reflux condenser, place 100 grams of Benzilic acid (obtained in step 3), followed by 2000 milliliters of dry 
toluene, and then followed by 100 milliliters of a 10% hydrochloric acid solution. Thereafter, turn on the 
motorized stirrer to high speed, and blend the reaction mixture on high speed for about 45 minutes at room 
temperature. Thereafter, pour in 25 grams of dry methanol, and then turn on the heating mantle to 110 Celsius, 
and bring the reaction mixture to reflux at 110 Celsius under rapid stirring for 3 hours. After 3 hours, turn off the 
heating mantle, and allow the reaction mixture to cool to room temperature. Note: during the cool down period, 
continue to rapidly blend the reaction mixture as usual. Thereafter, disassemble the apparatus, and then pour the 
entire reaction mixture into a large beaker filled with 1500 milliliters of ice water, and then rapidly stir for 1 hour. 
After 1 hour, pour the entire diluted reaction mixture into a large separatory funnel, allow it to stand for 15 minutes, 
then drain-off the bottom aqueous layer, and then collect the upper toluene layer, and then place this collected 
toluene layer into a clean beaker, add in 50 grams of anhydrous magnesium sulfate (to absorb moisture), stir for 
20 minutes, and then filter off the magnesium sulfate. Now, place the dried filtered toluene mixture into a rotary 
evaporator, and evaporate-off the toluene at 80 Celsius under high vacuum until a dry residue remains. Once this 
point is achieved, turn off the rotary evaporator, equalize the pressure, and then recover the left over dry residue 
from the rotary evaporator, once it has cooled, add the dried residue to a beaker filled with 2000 milliliters of dry 
benzene, stir for 45 minutes at room temperature, then filter-off the insoluble by-products, and then recrystallize 
the desired product from the benzene (see recrystallization for proper technique), collect each crop of crystals in a 
Buchner funnel, and once the volume of the benzene mixture (mother liquor) has been reduced by about 80%, stop 
the recrystallization process, suction dry the collected crystals of the product as best as possible, and then place 
these suction dried crystals into an oven, and bake at 90 Celsius until thoroughly dry. Once dry, remove the dried 
desired product of methyl benzilate, once it has cooled, and then pulverize it into a powder, and then place said 
powder in a glass jar, and store in a cool dry place until use for step 5. 
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methyl hydroxy(diphenyl)acetate 15% NaOH solution 


stir 


Methyl benzilate jce water bath 


cold water bath 
stir extract with chloroforo' 
combine extract: 
dry/filter, 
evaporate to 60% of original volum, 


1-azabicyclo[2.2.2]oct-3-yl hydroxy(diphenyl)acetate 
BZ 


Ok, here we go with the preparation of BZ, note that this procedure should be carried out in a nitrogen dry box in 
the same manner as in the preparation of nerve agents. Into a three neck flask, sitting inside a round bottom heating 
mantle, and equipped with addition funnel, mechanical stirrer, bulb condenser, and thermometer, add 200 
milliliters of dry toluene, followed by 4.8 grams of metallic sodium. Thereafter, turn on the heating mantle, and 
bring the temperature of the toluene to reflux at 110 Celsius for 45 minutes with rapid stirring. After 45 minutes, 
turn off the heating mantle, and allow the toluene/sodium suspension to cool to room temperature. Note: continue 
to rapidly stir the toluene/sodium mixture during the cool down period. Once the toluene/sodium mixture has 
cooled to room temperature, add to the addition funnel, a mixture prepared by adding and dissolving 60 grams of 
methyl benzilate (prepared in step 4), into 200 milliliters of dry toluene. Then, remove the heating mantle, and 
replace it with a cold water bath, and then begin to add, drop wise, the methyl benzilate/toluene mixture from the 
addition funnel into the toluene/sodium mixture at room temperature under rapid stirring. Note: a vigorous reaction 
will take place, so use caution, and keep the temperature of the reaction mixture below 30 Celsius at all times. 
Now, once all the methyl benzilate/toluene mixture from the addition funnel has been added to the toluene/sodium 
mixture, continue to rapidly stir this reaction mixture at room temperature for 1 hour. After 1 hour, replace the 
cold-water bath, with the heating mantle, and then turn on the heating mantle to 90 Celsius, and bring the reaction 
mixture to 90 Celsius under rapid stirring. Once the reaction mixture has reached 90 Celsius, remove the addition 
funnel used previously, and replace it with a clean addition funnel, and then add into this new addition funnel a 
mixture obtained by adding and dissolving 20.8 grams of 3-quinuclidinol (obtained step 1), into 350 milliliters of 
dry toluene, and then begin to add, drop by drop, this 3-quinuclidinol/toluene mixture from the addition funnel into 
the reaction mixture while rapidly stirring the reaction mixture and maintaining its temperature around 90 Celsius. 
After the addition of the 3-quinuclidinol/toluene mixture from the addition funnel into the reaction mixture has 
been completed, raise the temperature of the heating mantle to 110 Celsius, and bring the reaction mixture to reflux 
under rapid stirring for 90 minutes. After 90 minutes, turn off the heating mantle, and allow the reaction mixture to 


cool to room temperature. Note: during this cool down period, continue to rapidly stir the reaction mixture. Once 
the reaction mixture has cooled to room temperature, disassemble the apparatus, and then extract the reaction 
mixture with three 300-milliliter portions of cold 10% hydrochloric acid, and after the extraction combine the 
extracts (if not already done so), and then add to this combined extract mixture, 210 milliliters of a 15% sodium 
hydroxide solution to neutralize the acid salt, and then mechanically stir this alkaline mixture at room temperature 
for about | hour. After 1 hour, extract the alkaline mixture with three 300-milliliter portions of dry chloroform, 
and after the extraction, combine all extract portions if not already done so, add in 75 grams of anhydrous sodium 
sulfate, stir for 45 minutes to absorb any moisture, filter-off the sodium sulfate, and then place this filtered 
chloroform mixture into a rotary evaporator, and evaporate-off the chloroform until the total volume of the 
chloroform mixture has been reduced to 60% of its original volume at 60 Celsius under mild vacuum. When the 
original chloroform mixture has been reduced to 60% of original volume, turn off the rotary evaporator, equalize 
the pressure, and then recover the remaining concentrated chloroform mixture from the rotary evaporator, once it 
has cooled, add in 200 milliliters of dry acetone, and then place the concentrated chloroform/acetone mixture 
slurry into a refrigerator, and allow it to stand overnight. The next day, remove the chloroform and acetone mixture 
slurry, and filter-it to recover the crystallized crude product of BZ using a Buchner funnel under strong suction, 
wash with three 150-milliter portions of dry cold acetone, and suction dry as best as possible. Finally, 
recrystallize this crude filtered-off desired product from a solvent mixture prepared by mixing 500 milliliters of 
dry acetone with 1500 milliliters dry diethyl ether, collect each crop of crystals in a Buchner funnel, and once the 
volume of the acetone/ether mixture (mother liquor) has been reduced by about 85%, stop the recrystallization 
process, suction dry the collected crystals of the product as best as possible, and then place these suction dried 
crystals into an oven, and bake at 90 Celsius until thoroughly dry. Once dry, remove the dried desired product of 
BZ, once it has cooled, and then pulverize it into a powder, and then place said powder in a glass jar, and store in a 
cool dry place until use. 


Chapter 05: Ricin 


Overview 


Warning! DO NOT IN ANYWAY ATTEMPT TO CARRYOUT THE PRODUCTION OF RICIN. Ricin is a 
very toxic and potent glycoprotein belonging to a group of type IT ribosome inactivating proteins found in beans of 
the castor plant Ricinus communis L.. It is composed of two polypeptide chains connected by a disulfide bond and 
has a molecular weight of around 66,000. The true active Ricin is found in the outer waste portion of the castor 
bean (seed), and not found in the actual "bean" itself; hence castor oil is non-toxic and 800,000 metric tones are 
produced world wide annually. The process for preparing castor oil is simple, first, the beans are de-husked, and the 
husk waste material is then incinerated, or the beans are boiled to destroy the toxins; in any sense, once the castor 
bean is free from its outer shell or husk, the beans are hydraulically pressed, to excrete out the castor oil, which is 
completely free from toxins. The active Ricin toxin is composed an A-chain, and a B-chain. The A-chain is a N- 
glycoside hydrolase composed of 267 amino acids, and the B-chain is a lectin composed of 262 amino acids. Ricin 
is composed of two polypeptide chains of approximately 30 kDa joined by said disulfide bond. Ricin gets its 
distinct poison quality by the fact that it uptakes cells within the body by endocytosis whereby the active A-chain 
and B-chain of the Ricin causes cell death by inactivation of ribosomal RNA, and in essence defeats cells in the 
body from manufacturing the proteins they need; since the effected cells cannot make the proteins they need, the 
cell dies, and this process then spreads throughout the body ultimately leading to death. The ability of Ricin to enter 
the cytosol is largely based on hydrogen bonding interactions with amino acid chains and complex hydrocarboates 
within the cytosol surface and eukaryotic cells containing terminal N-acetyl galactosamine or linked galactose 
chains; also the mannose glycans of Ricin are able to bind to cells that can express mannose recepetions. N- 
glycoside activity in Ricin is capable of cleaving glycosidic bonding in eukaryotic ribosomes, thus subsequently 
causing irreversible hydrolyses of the N-glycosidic bonds at the adenine positions within the RNA of the cell, 
leaving phosphodiester backbones of the RNA alone and intact. Ricin targets the highly conserved sequences 
universally found in eukaryotic ribosomes. The sarcin-ricin sequence is important in binding elongation factors 
during protein synthesis; however, the depurination sequence caused by the Ricin intoxification completely 
inactivates the ribosome, thus resulting in toxicity from inhibited protein syntheses within the cell. Thus the cell 
dies, and the cytosol is capable of depurinating up 1500 to 1600 ribisomes per minute. 

Ricinus communis L. belongs to a plant family of Euphorbiaceac. Ricin is a water soluble glycoprotien that can 
persist in water solution for months, but it is destroyed if the water solution is heated above 80 Celsius. The castor 
bean is grown throughout the world, and India, China, and Brazil are the worlds leading producers of castor beans; 
primarily for the oil; however ricinus communis has become naturalized in many countries, including the United 
States, especially in the south western regions of the US. The castor plant can grow in almost any moderate 
temperate environment where the soil is drainable, and the plant can be found naturally growing in stream banks, 
near rivers and other bodies of water, near stagnant pools of water, and practically any location so as the 
environment has relatively good soil i.e. a good abundance of nutrients. In many cases, the castor plant is becoming 
a staple for individuals gardens and decorative locations; in some cases, the castor plant is even being grown in- 
doors in peoples homes in many countries around the world as it makes a very nice decorative ornament. ‘The oil 
and other oils in the beans is mostly constituted of ricinoleic acid, with small amounts of dihydroxystearic, linoleic, 
oleic, and stearic acids. The main uses of castor oil include manufacturing of cosmetics, used in the pharmaceutical 
industry, and for manufacturing plastics, fibers, resins, printing inks, wetting agents for floatation to recover sulfide 
ores, and in the manufacture of a variety of lubricants; as well the castor bean contains a compound called ricinine, 
which demonstrates a useful insecticide to various species of pests. In no way is the large quantity of castor oil 
produced and the beans themselves used to recover Ricin; however, in limited research on Ricin is in the anti- 
cancer area as Ricin has been demonstrated to attack and kill cancer cells: nevertheless, this research is expensive 
and very discrete; because Ricin is a protein it may be possible to genetically link the deadly protein to monoclonal 
antibodies to therefore target malignant cells, active cancer tumor cells, and possible even dormant cancer cells. 
This type of research is becoming more of a reality as embryonic stem cell research progresses; however, stem cell 
research is very limited within the United states as the US government denounces stem cell research and does not 
provide support (this is a huge failure and foolish act carried by the US government), and Germany and Japan as of 
2012 are 13 years ahead of the US in stem cell technologies. Now. during the pressing and manufacture of castor 
oil, the deadly toxins are not transferred during the extraction process, and hence, castor oil is considered non-toxic. 
Plant breeders in the United States, Japan, and Germany are using biotechnology to genetically produce castor 
plants/beans that do not contain the deadly toxins, and for this purpose, the castor mash can then be used as a cheap 
animal supplement without worrying about animal intoxification. 


Ricin is classified as a type 2 ribosome inactivating protein, whereas many plants contain the A-chain but not the 
B-chain. Without this B-chain, many plants that contain the A-chain are basically considered non-toxic, so as long 
as the B-chain is not present. Within its seeds, the castor plant contains a group of related toxic glycoproteins, the 
obvious one and majority being the A and B chain Ricin, but also containing in small quantities ricinoleic acid, and 
the alkaloid ricinin. The toxicity of Ricin and its carrier of the castor plant and beans has been known since the 6th 
century B.C. The Ancient Greeks, Persians, Egyptians, and Romans used to grow and harvest the plant for multiple 
purposes, some of which are still being investigated by anthropologists. As early as 1888, Ricin was first 
supposedly successfully extracted, but this was actually a mixture of 87% A and B chain Ricin, and the remainder a 
haemagglutinin. 

The A-chain of Ricin belongs to the group of ribosome inactivating proteins also known as (RIP I proteins) because 
of their ability to inactivate cell free ribosomes from eukaryotes. The B-chain of Ricin is a sugar bonding protein. 
The Ricin itself is synthesized in the castor bean endosperm during the castor plants growth life. Ricin contains 
multiple tryptophans, mainly in the B-chain, but it is not fully understood how and why the aromaticity of the 
tryptophns influences the physical characteristics of the Ricin and the Ricin's ability to attack healthy cells within 
mammals. In addition to the active Ricin in castor beans, the seeds also contain ricinus communis agglutinin. 

The toxicity of Ricin in mammals especially in humans is due to its ability to inactivate ribosomes in cells. The 
acute toxicity of Ricin primarily depends on its route of entry into the body. The most effective route of entry into 
the body is through inhalation. Weaponized Ricin will be mixed with a inert liquefied gas and disseminated through 
aerosol techniques (see vide supra), where as super fine particles of Ricin become airborne, and can thereby spread 
over a wide area contaminating the environment, and hence thereby inhaled by the victims. The toxicity of Ricin 
through inhalation is generously low, i.e., inhalation of as little as 21 micrograms per/Kg in the average man. If 
such a dose is inhaled, death can occur in 12 to 72 hours depending on the physical condition, rate of metabolism, 
or just plain natural degradation of said substance within the body, and some people are genetically disposed to be 
more resistant to Ricin, but nonetheless, slightly higher doses of say 29 to 32 micrograms per/Kg of said Ricin 
through inhalation will cause death anyhow. Ricin is much less toxic through ingestion, and many cases of 
moderate to slight Ricin intoxification have been reported from hospitals in many countries, when said victims 
ingested the castor seeds, Many literatures tell different rates of toxicity through ingestion ranging from 31 to 56 
mg per/Kg in the average man, and/or the ingestion of 6 to 12 non-de-husked castor beans. Intoxification through 
ingestion of Ricin has shown blood urea levels and activities of glutamate pyruvate transaminase, alkaline 
phosphate, gamma glutamy] transpeptidase, and lactate dehydrogenase to all increase in the blood plasma in the 
liver, kidneys, and digestive tract, causing damage to said organs, the latter leading to ulceration of the colon, 
followed by bloody stools and diarrhea; however, death by ingestion of Ricin is vary rare, and not of any military 
importance. As such, the major drawback to weaponized Ricin, and accordingly its aerosol release into the 
environment, is only temporary, and aerosoled released Ricin will only remain airborne for short periods of time 
ranging from 9 to 42 hours in dry enviornments, 2 to 12 hours in moist enviornments, but with little airborne 
persistence in wet rainy enviornments; hence, Ricin has little effect as a warfare agent when used in wet rainy 
enviornments, as the water will capture the Ricin particles, and wash them away. There is no hazard of skin contact, 
as Ricin is relatively non-hazardous to exposed skin; however bare hands that have touched Ricin, or wet skin 
containing dissolved Ricin, and then said person rubbing their eyes can lead to eye absorption, leading to acute yet 
usually non-lethal intoxification. Non-lethal intoxification of Ricin produces the following symptoms: 

1. difficulty breathing 

2. coughing 

3. tightness of chest (can be confused with heart attack symptoms) 

4. salvation of the mouth (may be confused with nerve agent intoxi fication) 

5. profuse sweating (may be confused with nerve agent intoxification) 

6. itching 

7. dilated pupils (may be confused with nerve agent intoxification) 

8. pulmonary edema (may be confused with choking agent intoxification) 

9. bloody stools and/or diarrhea 

10. rashes that may turn blue after 7 to 13 hours (may be confused with vesicant agent intoxification) 

11. low blood pressure (may be confused with nerve agent intoxification) 

12. mild hallucinations beginning within 2 to 6 hours of first contact (may be confused with BZ intoxification) 

13. nausea and/or vomiting 

14. blood in urine 

15. mild to moderate seizures beginning within 2 to 8 hours after first contact 

16. dehydration 

17. loss of appetite 


If Ricin is to be injected into a person, the lethal dose is very similar to the inhalation dose, ranging from 19 to 25 
micrograms per/Kg in the average man through injection. Death usually occurs within 6 days when the Ricin is 
injected directly into the blood stream. In one case of Ricin poisoning through injection, the person developed 
fever, glandular swelling, haematemesis (vomiting containing blood), and leukocytosis followed by renal failure, 
and clinical sepsis resulting in multiple organ failure. When the body under went an autopsy, haemorrhagic 
necroses was identified in the intestinal walls, heart, and lymph glands. These medical findings would most likely 
be found in subjects who died from Ricin poisoning through inhalation as well; however through inhalation 
haemorrhagic necroses would most likely also be found in the kidneys and liver. As stated, weaponization of Ricin 
is through aerosol techniques, but conditions for proper weapon delivery and release have to be perfect in order for 
the Ricin to become airborne and contaminate said environment properly. Standard military gas masks provide 
more then adequate protection from this airborne Ricin, and it is not even needed for the soldier to completely 
cover themselves in chemical protective clothing; however, when Ricin aerosol munitions are released, 
predominantly in dry enviornments, the Ricin can remain airborne long enough (12 to 47 hours, where upon it 
either is swept away, and hence contaminating another area, or the Ricin particles will simply fall to the ground, 
leaves, limbs, branches, grass, ect., whereby it becomes relatively useless) to the point that un-suspecting soldiers 
(or civilians) entering the contaminated environment will be completely unaware of the presence of Ricin until it is 
to late; as the super fine particles of Ricin are odorless and colorless. Obviously, if a Ricin aerosol munition is 
released in an area where soldiers currently occupy, the soldiers will naturally mask themselves immediately, 
thereby protecting themselves from the deadly toxin; however, if Ricin aerosol munitions are released in crowded 
areas occupied by civilians, the casualties could be enormous. In essence, weaponized Ricin is a slow acting 
casualty producing chemical warfare agent capable of producing casualties (or incapacitating symptoms of said 
contamination) within 6 to 72 hours, with death resulting as long as 6 days from first contact. 

As mentioned, the castor bean plant has been naturalized in many countries, and grows wild in many locations 
around the world, and in fact some people even have castor plants in their gardens, and even hanging the plants in 
their houses. Now, this poses no danger, and the castor plant is quite pretty and nice to look at; hence the decorative 
nature of the plant in peoples gardens, flower gardens, and other decorative locations around the house, apartment 
complexes, buildings, ect. 


Left illustration: the nct leaf of a young newly developing castor plant. Right illustrat The fresh very 
young castor plant. 


MAPS A 2 ey! 

Left illustration: the distinct leafs and beautiful color of a young newly developing castor plant; the 

developing castor beans appear in the flowering pods. Right illustration: The fresh very young castor plant 
with newly forming castor bean containing pods. 
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Another look at the distinguished easily recognizable leaf of a newly developing castor plant. 


Freshly, de-husked ripened and fresh non-roasted castor beans. 


The propagation and ripening of the castor bean (seed), to the point of de-husking. The Ricin is located in the outer 
husk portrayed in the far right illustration. 


In review, and in essence, the mechanism of the toxicity of Ricin in short is that the galactose binding part of the B- 
chain of the Ricin binds to the target cell surface allowing Ricin to enter said cell by endocytosis, and once taken up 
in the endosome some of the Ricin is degredated in lysosymes, and a second part is recycled to the cell surface 
whereby a small part (about 5%) is translocated to the gnlgi sequence reaction mechanism and is thereby 
transferred to the endoplasmic reticulum. Now, here several of the Ricin molecules can be "exported" from the 
contaminated cell exocytosis. From the endoplasmic reticulum the A-chain of the Ricin is transferred to the 
cytoplasm by the mechanism used by proteins targeted for proteasomal degradation in the cytoplasm the A-chain of 
the Ricin acts as a glycosylase, which removes highly conserved adenine from RNA, and thereby inhibits the 
crucial proteins from being synthesized within the contaminated cell, hence killing the cell. As the velocity of this 
reaction sequence is much faster then the speed of re-synthesis and repair, one molecule of Ricin is enough to kill 
one cell. In order to enter the cell and translocate to the site of action as undamaged A-chain, the molecule, 
however, also has to be able to circumvent a number of cellular defense mechanisms, and indeed Ricin does posses 
the necessary features to overcome these defense mechanisms, and attack the healthy cell, and then killing the cell, 
and said process and sequence repeated until enough cells have died in the victim to cause death, which Ricin is 
very affective at doing. 

Weaponization of Ricin has been researched, explored, and carried out by most first and second world nations, with 
third world nations, and terrorist groups pursuing weaponization of said Ricin. To date, it is unknown if the US or 
Russia have weaponized Ricin munitions in stock, but it is highly likely both nations have stockpiled weaponized 
Ricin munitions. According to the UN, weaponizing Ricin is illegal, and a violation of the Geneva Convention. 
Within most countries possession of Ricin is illegal and a controlled substance with penalties of possession far 
greater then with illegal possession of cocaine, crack, or methamphetamine. 


05-1. Ricin 


Left illustration: the complete Ricin molecule; the upper darker portion is the A-chain, and the lower lighter 
portion is the B-chain. Right illustration: a more dramatic 3D molecule illustration. 


Complex 3D molecule of Ricin. 


Toxicity Data: 


OVERALL RATING (scale from 1 to 10) 


Effectiveness (as lethal agent): 10+ (one of the 
most toxic compounds known to man). 


Persistence (open area): 7.5 to 9 depending on 
environmental conditions. 


Field Stability: 10 in moist environments; 10 
in dry environments (note: these numbers 
mean nothing if the agent is not airborne, 
and the 10 given for moist enviornments is 

arbitrary meaning it can persist, but does not 

condone any toxic effectiveness). 

Storage stability: 10 (when kept dry), should 
be stored at room temperature, from which 

it can be stored for years. 


Persistence (enclosed area): 10 (will remain 
airborne for up to 47 hours before falling to 
the floor/ground, or sticking to the walls or 
any material item(s) in the enclosed area, and 
hence becoming useless). 


Materials: 


Toxicity (as lethal agent): Inhalation: 10+; 
skin absorption: 0.5; eye absorption: 5.9; 
ingestion: 4 


1. 1 kilogram of whole ripened unshelled seeds 
of Ricinus communis 


6. 9000 milliliters of a TRIS-HCI buffer of nM 
pH=7.7 


2. 6 liters of dry fresh pre-chilled diethyl ether 
(pre-chilled to 0 Celsius) 


7. 5 liters of a commercially available material 
called Sepharose 4B (available from Pharmacia 
company) 


3. 3400 milliliters of a 5% sodium chloride 
solution pre-chilled to 0 Celsius 


8. 8 liters of TRIS-HCI buffer, 10nM, pH=7.7, 
and containing 0.050 grams of galactose per liter 


4. 250 milliliters of glacial acetic acid pre-chilled 
to 0 Celsius _ 
5. 3000 millilit 


's of distilled water 


Hazards: 


9. 4 liters of TRIS-HCI, buffer, 10nM, pH=7.7, 
containing 0.100 grams of galactose per liter | 
10. 2 liters of TRIS-HCI, buffer, 10nM, pH=7.7, 
containing 18 grams of galactose per liter 


Do not attempt in anyway to prepare the chemical agent Ricin using the following 
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procedure unless proper safety precautions are taken. |) Perform all operations in a clean 
box, which is treated with a nitrogen atmosphere, and in which is completely sealed from 
the air. 2) After each procedure, all glassware and non-electric equipment should be soaked 
in a hot 25% potassium hydroxide-20% potassium permanganate solution before removing 
from the clean box. Any electrical equipment such as hot plates and stirring equipment 
should be carefully wiped down with a hot 25% potassium hydroxide-20% potassium 
permanganate solution soaked rag before removing from the clean box. 3) After the entire 
operation is complete, the entire clean box should be disinfected with hot 25% potassium 
hydroxide-20% potassium permanganate solution before opening the clean box to the air. 4) 
The desired chemical agent Ricin should be stored in amber bottles, preferably non- 
breakable containers, and stored in a cool dry place. The bottles should also be placed inside 
an airtight sealed plastic bag. such as a “ziplock” bag. 


No immediate threats or hazards from the materials used to extract and purify the Ricin with 
the exception of diethyl ether, which is highly volatile and forms explosive mixtures with 
air, use great caution and never use ether that has been in prolonged storage without 
carrying out the peroxide test first; ether is a narcotic in high concentrations; also, obviously 
the Ricin is extremely toxic so use extreme caution. 


Preparation: 


A) Extraction 


Into a standard blender, with stainless steel blades, place 1 kilogram of whole ripened unshelled seeds of Ricinus 
communis, and then turn on the blender to medium speed, and blend the Ricinus communis for about 15 to 20 
minutes to form a paste. Now, once a paste has formed, turn off the blender, and allow the pasty material in the 
blender to stand at room temperature for 30 minutes. After 30 minutes, slowly and carefully add in 2 liters of dry 
fresh pre-chilled diethyl ether (pre-chilled to 0 Celsius), and then turn on the blender to very low speed, and blend 
this ether/paste mixture on very low speed for 30 to 45 minutes. Thereafter, turn off the blender, and then pour the 
entire blended mixture into a large beaker, and chill to 0 Celsius using an ice bath or any desired means (no 
stirring). Once the blended mixture has chilled to 0 Celsius, filter-off the insoluble mash, using a clean Buchner 
funnel, and utilizing slow, Qualitative wet-strengthened filter paper under strong suction, and then once all the 
liquid (the ether) has been removed, collect the left over filtered-off mash, and place this mash back into the same 
blender previously used, and then slowly and carefully add in 2 liters of dry fresh pre-chilled diethyl ether (pre- 
chilled to 0 Celsius), and then turn on the blender to very low speed, and blend this ether/mash mixture on very low 
speed for 30 to 45 minutes. Thereafter, turn off the blender, and then pour the entire blended mixture into a large 
beaker, and chill to 0 Celsius using an ice bath or any desired means (no stirring). Once the blended mixture has 
chilled to 0 Celsius, filter-off the insoluble mash, using a clean Buchner funnel, and utilizing slow, Qualitative wet- 
strengthened filter paper under strong suction, and then once all the liquid (the ether) has been removed, collect the 
left over filtered-off mash, and place this mash back into the same blender previously used, and then slowly and 
carefully add in 2 liters of dry fresh pre-chilled diethyl ether (pre-chilled to 0 Celsius), and then turn on the 
blender to very low speed, and blend this ether/mash mixture on very low speed for 30 to 45 minutes. Thereafter, 
turn off the blender, and then pour the entire blended mixture into a large beaker, and chill to 0 Celsius using an ice 
bath or any desired means (no stirring). Once the blended mixture has chilled to 0 Celsius, filter-off the insoluble 
mash, using a clean Buchner funnel, and utilizing slow, Qualitative wet-strengthened filter paper under strong 
suction, and then once all the liquid (the ether) has been removed, collect the left over filtered-off mash, and place 
this mash in a crystallizing dish and allow it to air dry at room temperature. The result will be around 400 grams of 
a powder that will now be fat/oil free, and this powder will be free from lipids and will contain the Ricin. Now, 
once the powder has been thoroughly dried, add this dried powder to a beaker containing 3400 milliliters of a 5% 
sodium chloride solution pre-chilled to 0 Celsius, and then after the addition of the dried powder to the this 
sodium chloride solution, add in 250 milliliters of glacial acetic acid pre-chilled to 0 Celsius. Thereafter, place this 
new mixture contained in the beaker into a freezer and chill at 0 Celsius for 6 hours. After 6 hours, remove the 
beaker containing the mixture from the freezer, and then pour this chilled mixture into a mixing bowl, equipped 
with stainless steel blades, and then rapidly blend this cold mixture on high speed for 30 seconds, and then after 30 
seconds, turn off the mixing blades, and allow the mixture to rest for 30 minutes; thereafter, repeat this 30 second 
blending, followed by resting for 30 minutes, 8 more times. Note: the mixing bow! should be kept in an ice/salt 
bath and chilled around 0 Celsius at all times. Now, once this mixing/resting operation has been completed, remove 
the mixture from the mixing bowl, and divide it up into 250-milliliter samples, and then place these samples into a 
centrifuge machine, and centrifuge the samples at high RPM for 30 minutes. Immediately after 30 minutes, turn off 
the centrifuge machine, and then quickly remove each 250-milliliter sample from the machine, and then decant-off 
the liquid from each sample, decanting-off the liquid into the same beaker to obtain 3400 milliliters of a clear 
solution. 


B) Dialysis procedure 


Ok, in this procedure, the 3400 milliliters of the clear solution obtained in A), is placed into the dialysis tube 
with a width of 10 cm, and then 3000 milliliters of distilled water is then injected into the dialysis tube, the 
regulator valve is then closed, the pump is then turned on, and the distilled water is dialysized with recycling of the 
distilled water for 48 hours at room temperature (see the following illustration). Now, after 48 hours, quickly turn 
off the pump momentarily, and then inject into the dialysis tube, 1500 milliliters of a TRIS-HCI buffer of nM. 
pH=7.7, close the inlet valve, and then turn on the pump, and then continue to dialysize for 24 hours at room 


temperature. Now, after 24 hours, open the recycle thimble and allow the distilled water and TRIS-HCI buffer to 
drain out, and then open the dialysis tube, and recover the dialysized mixture (3400 milliliters) and place it into a 
sealed glass container, and store in a cold freezer at —20 Celsius for 6 days. At this point the 3400 milliliters of 
dialysized mixture will contain 12 mg of proteins per milliliter. 


pressure regulator 


regulator valve 
/(openiclosed) 


distilled water in 


dialysis tube (10 
cm) 


ini valve 


recycle thimble (open/closed) 


pump 
Dialysis machine used in purifying the Ricin containing mixture obtained in A). 
C) Purification 


Now, after 6 days from step B), remove the frozen 3400 milliliter mixture from the freezer, and allow to warm to 

0 Celsius. Thereafter, divide the 3400-milliliter portion of the mixture into two 1700-milliliter portions. Then 
setup the apparatus as shown in the following illustration, and then pour into the glass column, 5 liters of a 
commercially available material called Sepharose 4B (available from Pharmacia company), and then pour, at a 
rate of 300 milliliters per/hour the 1700 milliliters mixture obtained after dialysis in step B) through the top of the 
glass column as illustrated. Once all the 1700 milliliters of mixture have been added, begin to add through the top 
of the glass column as illustrated, 3 liters of TRIS-HCI buffer, 10nM, pH=7.7, at a rate of 300 milliliters per hour. 
Once all the buffer agent has been added, allow the fluids to fully drain down to the bottom round bottom flask as 
illustrated, and once this point is achieved, recycle the entire filtrate as illustrated, back through the top of the glass 
column at a flow rate of 300 milliliters per hour, and then repeat this whole operation one more time. Now, add in 
through the top of the glass column, at a flow rate of 300 milliliters per hour, 4 liters of TRIS-HCI buffer, 10nM, 
pH=7.7, and containing 0.050 grams of galactose per liter, and allow it to thoroughly wash through the glass 
column, which will contain binded un-desired proteins. Once this buffer has washed all the way through, and is 
collected in the lower receiving flask, add yet another buffer solution 2 liters of TRIS-HCI, buffer, 10nM, 
pH=7.7, containing 0.100 grams of galactose per liter, through the top of the glass column at a flow rate of 300 
milliliters per hour. Once all this buffer has washed through the glass column and collected in the bottom receiving 
flask, replace this large flask and set it aside for the time being, with a clean large sized flask, and then it is time to 
replenish the Sepharose 4B. To do so, add through the top of the glass column 1 liter of TRIS-HCI, buffer, 10nM, 
pH=7.7, containing 18 grams of galactose per liter, allow it to wash thoroughly through the glass column collecting 


it in the large flask, and then add through the top of the glass column 1 more liter of TRIS-HCI, buffer, 10nM, 
pH=7.7, containing 18 grams of galactose per liter, allow it to wash thoroughly through the glass column collecting 
it in the large flask, and once it has washed thoroughly through the glass column, remove the large glass flask 
(contents can be discarded), and replace it with a new 20 liter flask, now, with the other half (1700 milliliters of 
mixture), begin the previous process all over again by pouring in, at a rate of 300 milliliters per/hour the second 
1700 milliliter mixture through the top of the glass column as previously illustrated. Once all the 1700 milliliters 
of mixture have been added, begin to add through the top of the glass column as previously illustrated, 3 liters of 
TRIS-HCI buffer, 10nM, pH=7.7, at a rate of 300 milliliters per hour. Once all the buffer agent has been added, 
allow the fluids to fully drain down to the bottom round bottom flask as like before, and once this point is achieved, 
recycle the entire filtrate as previously illustrated like before, back through the top of the glass column at a flow 
rate of 300 milliliters per hour, and then repeat this whole operation one more time. Now, add in through the top of 
the glass column, at a flow rate of 300 milliliters per hour, 4 liters of TRIS-HCI buffer, 10nM, pH=7.7, and 
containing 0.050 grams of galactose per liter, and allow it to thoroughly wash through the glass column, which will 
contain binded un-desired proteins once again. Once this buffer has washed all the way through, and is collected in 
the lower receiving flask, add yet another buffer solution of TRIS-HCI, buffer, 10nM, pH=7.7, containing 0.100 
grams of galactose per liter, through the top of the glass column at a flow rate of 300 milliliters per hour. Once all 
this buffer has washed through the glass column and collected in the bottom receiving flask, remove this large 
flask, and then pour the mixture into the previous 20 liter flask (that was set aside for the meantime), into the 
second 20 liter flask, that was just used for the second run, to contain just over 19.4 liters of total solution 
containing the buffer from both operations. 
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Now, it is time to concentrate this large quantity of fluids, and remove the buffering agents. To do so, filter the 19.4 
liters of fluids previously obtained through a all glass Buchner funnel and utilizing a ultra filtration membrane and 
a large receiving filter flask, with a porosity which permits the passage of globular molecules of molecular weight 
ranging from 20,000 to 30,000, but not 66,000 which is the molecular weight of Ricin. The cell or Buchner funnel 
of the membrane should be around 350mm in diameter by 500mm in height. Now this process of filtration can take 
considerable time, and a moderate vacuum can be used to speed up the process, but even then, the actual filtration 
process can take days even under high vacuum. Once all the 19.4 liters of fluids have been added to the Buchner 
funnel continue to suction filter utilizing the ultra membrane until a concentration of 800 milliliters of solution 
remains in the all glass Buchner funnel. When this point is achieved, turn off the vacuum, and then pour out this 
800 milliliter portion of concentrated Ricin solution from the Buchner funnel, and then pour this 800 milliliters of 
concentrated mixture onto a shallow pan or tray, and air evaporate at room temperature. Once all the water has been 
removed, a white relatively pure product of Ricin remains, containing both the A-chain and B-chain, and is 
extremely toxic, so store in a glass amber jar sealed air and water tight and store in a cool dry place until use. 


Chapter 06: Dissemination techniques and munitions 


I. Aerosol Techniques (pressure release systems), the most effective method of dissemination of 
chemical warfare agents, especially agents that are solids at normal temperatures. 


Aerosol dissemination is very common for distributing chemical warfare agents on the battlefield. In fact, they are 
one most widely used and useful methods for disseminating agents. The method behind aerosols, other wise known 
as pressure release systems is quite easy. Think about a container of deodorant, hairspray, cooking spray, or fire 
extinguisher. Inside these containers there is a mixture of chemicals mixed in with a liquefied gas, called the 
propellant. The chemicals can be any desired substance or substances, and the propellant can be a number of 
compounds including propane, butane, isobutene, or isobutylene. Under normal conditions the propellant is 
normally a simple liquefied hydrocarbon gas, and the chemicals are hair styling compounds, skin treating 
compounds, food products, or chemicals designed to fight fires. When the container devices are actuated, either by 
depressing a button, pulling a trigger, or by bursting, the contents within these containers are rapidly dispersed 
outwards in a matter of moments. 

To understand how these pressurized containers disseminate the desired chemicals, one must understand the nature 
of aerosols, other wise known as “pressure release systems”. Within an aerosol container, the propellant is under 
pressure. Most propellants are liquefied within the aerosol can—shake a can of hairspray—it makes the sound of 
liquid sloshing around. This liquid is the liquid propellant, which is the liquefied hydrocarbon gas. In essence, 
liquefied gases don’t want to be liquids—they want to be gases, so when these liquefied gases are allowed to 
escape, they do so under tremendous force. When the liquefied gases are allowed to escape, they burst outwards 
forcing the ingredients within the container into the air—or onto your hair, skin, cooking pan, or grease fire. The 
chemicals, whether they are solids, liquids, or gases, when forced out of the container, form tiny dispersed particles. 
These tiny dispersed particles are called “micro fine particle dispersions”. These micro fine particle dispersions are 
commonly formed due to the energy of the expanding propellant gas. The propellant gas, when it rapidly expands, 
forms a uniform dispersion with the chemical ingredients in the container—forming the micro fine particle 
dispersions. These dispersions contain the propellant gas, and any other ingredients within the container, and they 
can spread over large areas in a mater of seconds. 

For chemical warfare aerosol munitions, the chemicals or ingredients are obviously not hair care products, skin 
ointments, cooking oils, or fire-fighting compounds—they are lethal or body-damaging chemicals capable of 
killing you, or seriously injuring you. The typical ingredients in a chemical warfare aerosol munition are: 1) 25 to 
40% liquefied gas, 2) 35 to 60% warfare agent or mixture, and 3) | to 10% stabilizer, thickener, or addictive. The 
liquefied gas can be propane, butane, isobutane, isobutylene, cyclopropane, cyclobutane, carbon dioxide, nitrous 
oxide, tetrafluoroethylene, or CFC’s, but in most modern aerosols the liquefied gas is a simple fluorocarbon. The 
stabilizers, thickeners, and/or addictives may vary, but can include any substance that does not react with the 
warfare agent or mixture, provides more viscosity to the agent, and provides a protection against decay or 
decomposition on prolonged storage. Such examples include saturated hydrocarbon oils, waxes, cyclic 
hydrocarbons such as benzene, toluene, and mesitylene, various polymers ranging from PVC to Teflon—practically 
any polymer can be used as long it’s finely powdered, and/or addictives such as aluminum oxide, powdered metals, 
or calcium sulfate, or any type of simple salt or viscous liquid such as propylene glycol. In some cases chemical 
agents, mostly vesicants and nerve agents, can be thickened by the same chemicals used to thicken gasoline or 
diesel fuel—aluminum or zinc salts of palmitic and napthenic acids are quite common ingredients in modern 
aerosols. Most chemical warfare agents can be stored for long periods of time—decay or decomposition of 
chemical warfare agents is usually the result of traces of water or degradation by corrosion of the munition 
shell/housing; however, distilled water is often used as an additive in some warfare munitions with the exception of 
water reactive agents like sarin—this should be considered before preparing warfare aerosol munitions. 

When it comes to chemical warfare aerosol munitions, they all function and work the way as any other aerosol or 
pressure release systems, but with two main modes of actuation: 1) controlled release, and 2) un-controlled release. 
Controlled release is just like using a can of “hairspray”. When we use the hairspray, we depress a small valve, 
which only lets out a small amount—small amount or not, a single burst from a can of hairspray sends it over a 
wide area—whether we tend to recognize it or not. Controlled release aerosols are quite common within riot control 
munitions of the grenade or low velocity projectile type—these devices emit a steady stream of agent once 
triggered. Controlled release aerosol systems can be used in most civilian and military scenarios, but for non- 
military use, usually limited to dissemination of riot control agents, insecticides, herbicides, and rodentcides. 
Typical military operations using controlled release devices include, flushing out enemy personnel from bunkers, 
tunnels or caves, and dispersing crowds. The latter (and major back draw of controlled release aerosol munitions) 


often backfires, as controlled release aerosol munitions are often picked up and thrown back. Un-controlled release 
aerosol munitions are widely used in contaminating battlefields for direct assault or for diversion tactics, for use in 
buildings/rooms, and for multiple military operations depending on the situation—either using lethal or non-lethal 

agents. 

Note: To manufacture chemical aerosol munitions, any solid warfare agent(s) and any solid addictives ect., must be 


in a finely powdered state when mixed with the liquefied gas(s) (the mixture should be thoroughly mixed using a 
blender-type machine utilizing stainless steel knife-type blades), before charging the agent mixture into the 


munition. 


Aerosol Warfare agent compositions (Table 1) 


% Warfare Agent 


% Liquefied gas 


% binder, filler, and/or 
addictive/stabilizer 


50% Chloropicrin 


30% difluoromethane 


10% denatured alcohol; 5% 
stearic acid; 3% polypropylene 
glycol; 2% ammonium 
phosphate tribasic 


50% Bromopicrin 


30% monofluoromethane 


10% DMSO; 5% graphite 
powder; 3% SD alcohol 40; 2% 
powdered Teflon 


45 % Diphenylchloroarsine 


45% Adamsite 


25% isobutane; 15% 
difluorochloromethane 
15% sulfur hexafluoride; 25% 
butane 


10% propylene glycol; 5% 
finely divided paraffin wax 
10% finely powdered PVC; 3% 
oleic acid; 2% SD alcohol 40 


60% Chloroacetone 


30% difluoromethane 


5% distilled water; 3% 
phosphoric acid; 2% ethyl 
chloride 


60% Bromoacetone 


20% fluoromethane; 10% 2- 
methylpropane 


5% methyl bromide; 5% 95% 
ethyl alcohol; 5% graphite 
powder; 3% distilled water; 2% 
DMSO 


55% DITMINE 


25% methylcyclopropane; 5% 
carbon dioxide 


5% ethyl chloride; 5% SD 
alcohol; 5% powdered HDPP 
(high density polypropylene) 


60% CS 30% propane; 5% nitrous oxide 3% 1- bromobutane; 2% 
chlorotoluene 
60% CS 30% fluoromethane 5% fluorobenzene; 3% sodium 
palmitate; 2% isopropyl alcohol 
65% CS 20% 1-fluorocyclopropane; 10% 3% gum Arabic; 2% sodium 


methyl chloride 


phosphate mono basic 


45% Chloroacetophenone 


30% nitrous oxide 


10% distilled water; 10% SD 
alcohol 40; 3% ethyl chloride; 
2% oleic acid 


50% CN 25% fluoromethane; 5% 1,2- 5% aluminum palmitate; 5% 
difluorocyclopropane stearic acid; 5% 2-deoxy-D- 
glucose; 3% acetone; 2% 
distilled water 
50% BBC 30% 1,2-difluoroethane 10% 1,2-dibromo-2,4- 


dicyanobutane; 5% 15% saline 
solution; 5% carbon dioxide 


68% Hydrogen cyanide 


25 % fluorochloromethane 


5% distilled water; 2% para- 
dichlorobenzene 


55% Hydrogen cyanide 


30% fluorodichloromethane 


5% DMSO; 2% distilled water 


70% Cyanogen 


15% fluoromethane 


10% absolute ethy] alcohol; 3% 
aluminum oxide; 2% distilled 
water 


55% Cyanogen Chloride 


25% cyclobutane 


10% methyl chloride; 5% 
paraffin wax; 5% silicon 


dioxide 


40% Cyanogen Bromide 


30% difluoromethane 


15% nitrous oxide; 10% 
distilled water; 3% sodium 
bromide; 2% wax No. 4 


90% Arsine 


0 


5% 95% ethyl alcohol; 5% 
butanol 


70% Vinylarsine 


15% difluoromethane 


10% potassium benzoate; 3% 
diethyl ether; 2% propylene 
glycol 


70% Phosgene 


50% Mustard gas 


15% fluoroethane 


25% 1-chloro-2-fluoropropane; 
5% nitrous oxide 


10% carbon dioxide; 3% ethyl 
isosnicatamide; 2% THF 
10% hexane; 5% finely divided 
Teflon; 3% cryolite; 2% wax 
No. 8 


55% Methyldichloroarsine 


25% methylcyclopropane 


10% ethyl ether; 5% paraffin 
wax; 3% sym-dichloromethyl 
ether; 2% distilled water 


45% Lewisite 


30% fluorochloromethane 


10% SD alcohol 50; 5% dioxin; 
5% finely divided PVC; 3% 
powdered resin; 2% distilled 

water 


40% Phenyldichloroarsine 


25% 1,1-difluoroethane; 5% 
nitrous oxide 


15% SD alcohol 40; 10% 
propylene glycol; 5% 
aluminum oxide 


55% AS-20 


30% nitrous oxide 


10% diethyl ether; 5% ethylene 
glycol 


50% HN1 


50% HN2 


30% 1-fluorocyclopropane 


30% 1-fluorocyclopropane 


10% nitrous oxide; 5% 
polyethylene glycol; 5% wax 
No.7 
10% cryolite; 5% silicon 
dioxide; 3% oleic acid; 2% wax 
No. 3 


50% HN3 


30% 1-fluorocyclopropane 


10% polyethylene glycol; 5% 
DMSO; 3% butanol; 2% 
palmitic acid 


65% Sarin 


25% (Z)-1,2-difluoroethene; 5% 
nitrous oxide 


3% THE; 2% wax No. 5 


45% FluoroTabun 
Hydrochloride 


25% 1-chloro-2-fluoropropane; 
10% carbon dioxide 


10% DMSO; 5% crystalline 
methyl cellulose; 3% aluminum 
oxide; 2% carnauba wax 


60% Tabun 


50% NPF 


25% 2-fluorobutane; 5% 1- 
fluoroethyl methyl ether 
30% 1,1,2-trifluoroethane 


5% ethylene glycol; 3% DMSO; 
2% finely powdered Teflon 
10% propylene glycol; 5% 

sorbitol; 3% naphthalene; 2% 
acetone 


60% Cyclosarin 


45% ThioTabun 


30% 1,2-difluoroethane 


25% fluoromethane; 5% carbon 
dioxide 


5% oleic acid; 3% potassium 
phosphate monobasic; 2% lead- 
I chloride 
15% DMSO; 5% polypropylene 
glycol; 3% wax No. 9; 2% 
ferric oxide 


55% Soman 


30% 1,1-dimethylcyclopropane 


10% para-dichloropropane; 
3% lubricating oil No. 14; 2% 
DMSO 


40% NPSF 


30% difluoromethane 


20% dioxane; 5% wax No. 12; 
3% naphthalene; 2% THF 


50% ThioSoman 


25% 1-chloro-2-fluoropropane; 


15% ethylene glycol; 5% silicon 


5% nitrous oxide 


dioxide; 3% lactose; 2% ethyl 


alcohol 
60% VX 30% 2,2-difluoropropane 5% dioxane; 5% polypropylene 
glycol 
60% VX 30% 2,2-difluoropropane 5% stearic acid; 3% 
chloroacetic acid; 2% 
propylene glycol 
60% VX 30% fluorodichloromethane 5% bromocyclobutane; 3% 
ferric stearate; 2% PVC 
60% VX 25% 2-fluorobutane; 5% 1- 5% SD alcohol 90; 3% ferric 
fluoroethyl methyl ether oxide; 2% calcium sulfate 
55% LVX 30% 1,1-difluoroethane 5% hexane; 5% napthanic acid; 


3% boron oxide; 2% ethyl 
ether 


50% V-sub x 


30% 2-chloro-1,1-difluoroethane 


5% THF; 5% sodium 
phenolate; 3% lubricating oil 
WD-40; 2% aluminum oxide 


Aerosol Warfare agent compositions (Table 2) 


% Warfare Agent 


% Liquefied gas 


% binder, filler, and/or 
addictive/stabilizer 


45% Pybiapicmethyl dibromide 


20% fluorocyclobutane; 20% 
nitrous oxide 


10% DMSO; 5% silicon dioxide 


45% 3-Carboxmethy] 
dibromide 


45% 3-Carbpicolinyloxy 
dibromide 


25% fluorochloromethane; 5% 
carbon dioxide 


30% 1,1-difluoroethane 


15% THF; 5% SD alcohol 50; 
3% titanium dioxide; 2% wax 
No. 40 
15% methyl chloride; 5% 
DMSO; 3% titanium dioxide; 
2% benzoic acid 


45 % Bis-Picolinylmoxy 
dibromide 


50% EA-3209 


25% fluoromethane; 5% carbon 
dioxide 


30% difluoromethane 


10% nitrous oxide; 10% 
distilled water; 3% SD alcohol 
30; 2% glucose 
15% carbon dioxide; 3% 
paraffin wax; 2% lactose 


50% EA-3209 


50% EA-3209 


50% EA-3209 


30% fluorochloromethane 


25% 2-fluorobutane; 5% 1- 
fluoroethyl methyl ether 


30% 1,1,2-trifluoroethane 


10% THF; 5% aluminum 
stearate; 3% zinc oxide; 2% 
wax No. 5 
10% cycloheptane; 5% 
zirconium carbonate; 3% 
sodium aluminate; 2% DMSO 
10% oleic acid; 5% aluminum 
oxide; 3% SD alcohal 40; 2% 
benzyl alcohol 


40% Arsenic Fluorosulfonate 


15% sulfur hexafluoride; 25% 
butane 


10% carbon dioxide; 5% 
aluminum palmitate; 3% 
sodium sulfate; 2% aluminum 
oxy chloride 


60% Isofluorophate 


30% 1,1-difluoroethane 


5% DMSO; 3% 
fluorochloromethane; 2% oleic 
acid 


60% VL-90 


30% methylcyclopropane 


5% DMF; 3% SD alcohol 50; 
2% sodium sulfate 


60% Fonafosmon 


60% Xansten 


25% nitrous oxide; 5% carbon 
dioxide 
30% fluorocyclopropane 


5% ethyl chloride; 3% 
petroleum ether; 2% DMSO 
5% cellulose; 3% titanium 
dioxide; 2% Xylene 


60% Valfuluren 


30% 1,2-difluoroethane 


5% toluene; 3% wax 30; 2% 


finally divided polyethylene 


60% Zenofunstoff 


25% 1,2-difluoropropane; 5% 
carbon dioxide 


5% SD alcohol 50; 3% toluene; 
2% silicon dioxide 


60% Lisvonfox 


30% difluorochloromethane 


5% ethyl fluoride; 3% diethyl 
ether; 2% zirconium oxide 


55% Thiozinofin 


30% 1-fluoro-2,2-dichloroethane 


5% DME; 3% high density 
polypropylene; 2% silicon 
dioxide 


65% Vfuluren 


30% 2-chloro-1,1-difluoroethane 


5% propylene glycol; 3% iron- 
ILl-oxide; 2% napthanic acid 


55% Azacyclowolfrine 


45% Tynarious 


60% Khunstiger 


30% 1,1,2-trifluoroethane 


30% trifluoromethane 


30% 2-methylpropane 


10% aniline; 3% 
carboxymethylcellulose; 2% 
benzyl alcohol 
15% palmitic acid; 5% 
isopropanol; 3% triethylamine 
hydrobromide; 2% DMSO 
5% polycarbonate; 3% ethyl 
chloride; 2% calcium fluoride 


65% Snuyfluorokin 


30% 1-fluoro-2-methylpropane 


3% methyl alcohol; 2% 
titanium dioxide 


60% Lunifunstog 


25% 1,2-difluoropropane; 5% 
nitrous oxide 


5% PVC; 3% petroleum ether; 
2% potassium sulfate 


55% Khanfluorstock 


30% difluoromethane 


10% ethyl chloride; 3% boron 
oxide; 2% THF 


55% Vilhustkin 


45% NPF-S12 


30% 1,2-difluoroethylene 


30% fluorodichloromethane 


5% polyethylene glycol; 5% 
DMSO; 3% cellulose; 2% 
sodium phosphate dibasic 

15% ethyl fluoride; 5% 
napthalene; 3% wax 40D; 2% 
dioxane 


% Warfare Agent 


Aerosol Warfare agent compositions (Table 3) 


% Liquetied gas 


% binder, filler, and/or 
addictive/stabilizer 


60% Clonstunem 


55% Acutainious-XG 


30% 1,2-difluoroethane 


30% methylceyclopropane 


5% crystalline cellulose; 3% 
toluene; 2% DMF 
10% petroleum ether; 3% 
silicon dioxide; 2% magnesium 
stearate 


60% Omnioptious-NN 


30% 2-methylpropane 


5% SD alcohol 40; 3% 
borontrifluoride; 2% zirconium 
oxide 


40% BZ 


25% 1,1-difluoroethane; 5% 
nitrous oxide 


15% methyl chloride; 10% 
cyclopentane; 3% cellulose; 2% 
titanium dioxide 


45% BZ 


30% 1,2-difluoroethane 


10% ethylene glycol; 10% wax 
No. 8; 3% methyl cellulose; 2% 
acetone 


45% BZ 


50% BZ 


30% 1,1,2-trifluoroethane 


30% fluorodichloromethane 


15% ABS alcohol; 5% calcium 
fluoride; 3% polytetracycline; 
2% cottonseed oil 
10% dichloroacetic acid; 5% 
DMSO; 3% sodium benzoate; 
2% calcium sulfate 


50% BZ 


20% 1-fluorocyclopropane; 10% 
methyl chloride 


10% lubricating oi] No. WD-40; 
5% SD alcohol 30; 3% diethyl 
ether; 2% carbon dioxide 


55% BZ 30% difluorochloromethane 5% DMSO; 5% methoxy-meta- 
cellulose; 3% THF; 2% 
zirconium dioxide 
55% BZ 25% 2-fluorobutane; 5% 1- 10% nitrous oxide; 3% oleic 
fluoroethyl methyl ether acid; 2% aluminum 
oxychloride 
60% Ricin 30% trifluoromethane 5% dioxane; 3% polypropylene 
glycol; 2% silicon dioxide 
60% Ricin 30% methylcyclopropane 5% diethyl ether; 3% ethylene 
| glycol; 2% sodium sulfate 
60% Ricin 30% fluorodichloromethane 5% toluene; 3% silicon powder; 
2% potassium phosphate 
dibasic 
60% Ricin 30% fluorochloromethane 5% THF; 3% distilled water; 
2% cobalt chloride 
60% Ricin 30% 1,1,2-trifluoroethane 5% distilled water; 3% DMSO; 
2% titanium dioxide 
60% Ricin 30% 1,1-difluoroethane 5% distilled water; 3% SD 
alcohol 40; 2% Teflon 
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Controlled release 40mm aerosol grenade. This 40mm grenade is of typical design for controlled release 
aerosol munitions—when dealing with the function of the projectile; most controlled aerosol munitions of 
this type range from 40mm to 120mm, but can be as high as 160mm. The weapon is actuated when the 
projectile is fired from a launcher—upon activation of the primer, the ignition charge produces large 
volumes of gas, which fill the vacant space. The resulting pressure forces the projectile towards the target. 
Upon impact, the nose cone collapses inwards, causing the protruder to move inwards, and puncturing the 
pressure vessel. After the pressure vessel is punctured, the contents are evolved as a steady stream of vapor. 
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Controlled release aerosol munition. The munition can range from 40 to 90mm. It functions very easily, 
whereby the shell is launched when the primer assembly is activated, whereby it ignites the propellant 
charge, which produces gas pressure, which forces the shell down range towards the target. Upon impact, 
the aluminum impact fuze releases the loaded spring, which forces the anyil hard into the easily punctured 
seal, thereby releasing a steady aerosol stream of chemical agent mixture. 


Un-controlled release aerosols are the most common aerosol devices used in warfare operations, and they are 
highly effective at delivering high concentrations of agent to specified areas in seconds. These aerosol devices emit 
their ingredients all at once, and this is accomplished by merely puncturing the pressurized aerosol container to 
form a large hole. In short, when an un-controlled release is desired, the aerosol container is ruptured, allowing the 
pressurized ingredients to escape and expand extremely rapidly—rather then slow and cumbersome. Munitions of 
this type include rockets, mortars, artillery shells, bombs, grenades, land mines, and any other type of weapon 
delivery system imaginable. If you want to understand better the nature of un-controlled release, think what would 
happen if we shot a cylinder of gas with a high-powered riffle—the contents in the container would burst open the 
container releasing the bulk of the ingredients in a matter of seconds. Military weapons of the un-controlled type 
don’t use violent techniques like rifle bullets to cause rupturing—they merely use ramjets, or protruders which 
puncture the container upon impact of the projectile, or actuation of the weapon; however, in many cases, small 
explosive charges are used to rupture the pressurized container. 
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Non-explosive un-controlled release aerosol grenade. The grenade functions as follows: Upon pulling the 
safety pin, the steel release cover drops to the ground (once released by the thrower) causing the flange to 
release the slide-release metal cover, which then causes the releasable polymer body to separate from the 
outer low density polymer container wall, thus breaking apart the grenade, and causing a massive release of 
pressured material forming an aerosol into the environment all at once. 
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Un-controlled aerosol warhead. The warhead is fired from high velocity weapons such as rocket launchers, 
or gun barrels—20mm to 155mm. Note: Bazookas cannot be used. The projectile functions as follows: when 
the projectile is fired, from either weapon system, it travels towards the target at high velocity—must be at 
least 300 meters per second; a 9mm pistol bullet travels at about 950 meters per second. Upon impact, the 
forward physical force of the projectile striking the target and abruptly stopping, causes the ramjet to slam 
forward—rupturing the pressure container. The reverse anvil applies forward force. The contents of the 
pressure container are then suddenly released all at once. 
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Standard mild explosive, un-controlled release aerosol munition. The munition works in the usual manner. 
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Standard explosive actuated un-controlled aerosol release shell, which can range from 90 to 210mm in 
diameter. In this particular makeup, the fuze impacts the target setting off the usual explosive train, which 
then detonates the PETN quick match, which then detonates the HE charge, which blows the steel plate 
clear, causing a massive burst of aerosol mixture to be released in a very short period. 


Comp B bursting 
pressurized space charge 


impact fuze 


tetryl detonator 


high density polymer 
body 


Explosive activated un-controlled aerosol munition. This illustration shows a 155mm artillery aerosol shell. 
The impact fuse triggers the tetry] detonator on impact of the shell, which in turn initiates the composition B 
bursting charge. The bursting charge rips apart the shell, and allows the pressurized contents to burst out all 
at once. These shells are extremely effective at delivering any known chemical warfare agent or mixture onto 
the battlefield. The composition B bursting charge only destroys about 10-15% of the agent upon detonation. 
In some cases highly flammable liquetied gases should not be used—due to possible ignition of the gas by the 

composition B bursting charge; although, in most cases, this is not a major concern. 
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Another example of a explosive actuated un-controlled aerosol munition. The munition works in the usual 
fashion, whereby a high explosive charge of ammonium nitrate and TNT detonates upon impact of the shell, 
which can range from 90 to 300mm in diameter. This HE charge causes the ejectable polymer casings, and 
plugs to come apart immediately upon detonation, causing a massive release of aerosol mixture all at once. 
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Explosive activated un-controlled aerosol munition. This illustration shows a 105mm artillery aerosol shell. 
The munition works in the usual manner. The impact fuse triggers the explosive train on impact of the shell, 
which in turn initiates the composition B bursting charge. The bursting charge rips apart the shell, and 
allows the pressurized contents of chemical agent to burst out all at once. These shells are extremely effective 
at delivering any known chemical warfare agent or mixture onto the battlefield. The composition B bursting 
charge only destroys about 15-20% of the agent upon detonation. For this type of munition, flammable 
liquefied gases should not be used—due to possible ignition of the gas by the composition B bursting charge. 
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Un-controlled 500 pound gravity aerosol chemical munition bomb. The gravity bomb works by dropping it 
from a pre-determined altitude, and where upon once released, the rotating fan belt drives the rotating 
spring mechanism, which controls a series of mechanical devices, which once the gravity bomb has reached 
its pre-determined altitude (150 to 300 feet), the detonator is initiated using a series of mechanical 
mechanisms, whereby a firing pin strikes a primer, thus initiating the explosive train. This train detonates 
the low velocity bursting charge, which then rapidly blows apart the bomb body, releasing the chemical 
aerosol mixture into the air. 
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Simple 250 pound un-controlled aerosol gravity bomb. The bomb works in the usual manner, and the lead 
weight is used to keep the bomb at a vertical position upon impact. 


The pressure vessels must be made of proper materials, and they must be able to withstand the necessary pressures. 
For example, a standard propane tank is designed to withstand the pressures applied to its walls—if the pressure is 
to great, the container will rupture prematurely. In most cases, the containers are made of steel, or some other high 
strength material such as HD polymers capable of withstanding the heavy pressures. The ingredients are charged 
into the container, and the resulting container is then sealed—its like taking your barbecue propane tank in for re- 
filling, except in this case, the pressure vessels are filled with warfare agents, not propane. 

Aerosol munitions can be used to disseminate any known chemical warfare agent; although, some chemical agents 
may chemically react with the steel or other material used for the container—this factor should always be discussed 
before charging the pressure vessel with the desired agent. For nerve agents, riot control agents, irritants, and 
experimental agents, standard steel or low density/high density polymer containers can be used; for vesicants, high 
carbon steel doped with vanadium or titanium or high density polymers should be used. For blood agents especially 
hydrogen cyanide, specially designed non-steel containers should be used—consult shipping container info for 
hydrogen cyanide by checking with local chemical dealers—in some cases, nickel or chromium plated steel may be 
used. 

Aerosols are extremely effective at delivering any know chemical agent onto the battlefield; nevertheless, they may 
not always be the right choice of delivery. In some cases, different factors will rule out aerosols as delivery 
methods. High winds, windy weather, or heavy rain are unsatisfactory conditions for using aerosol weapons, unless 
for tactical reasons. High force winds tend to blow the chemical agents over too wide of areas—thereby diluting 
and dissipating the warfare agents. Because dissemination through aerosols produces very fine mists and vapors of 
the agent(s), high winds can easily blow these agents away—dissipating them to the point where there desired 
toxicities are decreased or eliminated, but this is not always the case. In some cases, wind is useful when using 
aerosol munitions, especially with highly toxic nerve agents, as the wind can keep the agent airborne, and spread it 
over a large area, thus contaminating a large environment. 

Within enclosed environments such as bunkers, tunnels, holes, buildings, caves, ect., dissemination of warfare 
agents thorough aerosols is extremely effective, and the most desired method of dissemination, especially for liquid 
agents. During cold or warm, non-windy and/or non-heavy rain conditions, aerosol dissemination of warfare agents 
onto large open battlefields is very effective, and preferred as a major method of delivery in many cases. 

There are drawbacks to aerosol munitions: 1) storage, and 2) premature munition rupturing. In many cases, storage 
of chemical warfare agents can be a major concern and problem. Numerous incidents of spills, and leaking 
munitions have been reported—although mostly from old, non-aerosol explosive actuated munitions. Because 
aerosol munitions are under constant pressure, they must be monitored and kept away from direct sunlight, and 
excessive heat. During combat, aerosol munitions must be stored in appropriate bunkers with adequate protection— 
the bunkers should be at least 3/4" underground, bunker roofs should be covered with at least 2 feet of heavy 
sandbags, and the bunker entrances must be out of direct range from in-coming shells or bombs—in any case, no 
method can fully protect from a massive direct hit from a penetrateable shell or bomb. A bunker destroyed by an 
enemy shell or bomb could have disastrous consequences. This fact must always be a major concern, as artillery is 


the most likely weapon system to delivery the munitions—so munitions will be stored nearby. Other enemy 
munitions such as napalm could heat the munitions to the point where they burst from excessive pressures. In all 
cases, aerosol munitions must be protected from heat, fire. bombs, and any high velocity projectiles that could 
cause pre-mature rupturing. 


I. Smoke generating techniques (pyrotechnic devices) 


Smoke generating munitions are primarily used to disseminate solid warfare agents. Because most chemical 
warfare agents are volatile or moderately volatile liquids, dissemination through smoke generating munitions is 
much less common. However, for chemical agents that are solids, dissemination through smoke generating 
techniques is quite common, and more practical then most other methods of dissemination (with the exception of 
aerosol munitions). Smoke generating munitions are much cheaper and easier to produce then other munition 
delivery methods, and they are easier to maintain and much less prone to leaks, and spills. Smoke generating 
munitions also have much longer shelf lives then other munition delivery methods. 

Smoke generating munitions work using the dynamics of volatization with fast moving hot gas particles. When 
solids are subjected to heat and pressures under suitable conditions, they tend to volatize or undergo a process 
similar to volatization. Within smoke generating munitions there exists one simple component: the pyrotechnic 
mixture. The pyrotechnic mixture is made up of a standard pyrotechnic mixture, similar to gunpowder, which burns 
when ignited and the active solid warfare agent. This burning pyrotechnic mixture produces heat and pressure, 
which leads the solid chemical agent to volatization. The heat and pressure is not what directly causes the agent to 
volatize, but rather generates high velocity forces, which literally shatter and blow the solid agent outwards. This 
outward thrust of solid agent produces micro-fine particles, which in turn, form a uniform mixture with the hot 
escaping gases produced by the burning fuel. The result is a uniform mixture of solid and gas, which expands like 
ordinary gases, and is called “smoke”. Smoke in general, is a mixture of uniform solid particles mixed with hot 
expanding gases. Examples of other smoke generating processes include: |) burning wood, 2) a burning cigarette, 
or 3) a typical colored smoke bomb firework. 

Any solid chemical wartare agent can theoretically be disseminated with limited success using smoke generating 
munitions; although because most chemical agents tend to decompose when excessively heated or exposed to fire, 
much of the agent would be destroyed during the burning of the fuel component. In most cases, smoke generating 
munitions are un-satisfactory for disseminating certain chemical agents. A major factor besides heat and fire that 
supports this is the fact that most chemical agents are liquids, and would behave differently to the violent forces of 
the burning pyrotechnic fuel composition. Under these conditions, a liquid agent would more likely be “‘spit”, or 
simply thrown out of the device like a shaken Champaign bottle rather then disseminated in a satisfactory form. 
This may work for contaminating a small area directly within the radius of the munition, but satisfactory 
dissemination is the ability to mix the agent with gas so as to give it the physical characteristics to expand over a 
wide area—a factor that would not be seen using smoke generating munitions with liquid agents. 

Even during the process of smoke generation with solid chemical agents, as much as 25% of the desired chemical 
agent may be destroyed before it has time to escape the burning innards of the munition and form smoke. For most 
smoke generating riot control munitions, usually 15 to 20% of the chemical agent is destroyed during the 
deployment of the munition. These factors should always be considered before choosing to go with smoke 
generating munitions rather then aerosols. 

So far the major drawbacks of smoke generating munitions have been discussed, but there are a few other 
drawbacks to this form of dissemination. 1) Smoke generating munitions produce much heat upon ignition. In some 
cases, sparks or burning embers from the device may shoot out or make their way out from the burning device into 
the surrounding environment. If this happens, brush fires and even forest fires may result. Several incidences of 
brush fires and forest fires have been caused by smoke generating munitions during military training exercises. 


longer to disseminate the agent then other delivery munitions, and the time for dissemination to complete depends 
on how long it takes for the fuel to complete its burn. For smaller munitions, this is not a concern, but large 
munitions such as shells and bombs would require significantly longer burning times to fully disseminate the agent. 
3) High velocity projectiles, artillery shells, and bombs may become damaged or deformed upon impact with the 
target or ground. Damaged munitions may disrupt or defeat the proper functioning of the device. 

Smoke generating munitions function in two different ways. 1) The smoke munition in general contains a central 
core of pyrotechnic mixture, and an outer core of chemical agent mixture. The inner core of pyrotechnic mixture is 
in the form of a solid rod, or cylindrical shaped rod composed of multiple circular discs of pyrotechnic mixture. 
The outer sphere of chemical agent is in the form of circular discs, like doughnuts. The central core of pyrotechnic 
mixture can be any known pyrotechnic composition composed of an oxidizer, combustible material, and binder. 
Satisfactory oxidizers are nitrates, chlorates, perchlorates, bromates, dichromates, or permanganates. Satisfactory 


combustible materials are charcoal, sulfur, flour, saw dust, cellulose, solid high molecular weight hydrocarbons, or 
powdered sugar—powdered metals should not be used. Binders can be a multitude of substances, as long they do 
not act as oxidizers. Binders are merely “glue” like materials that are used to “bind” the molecules of oxidizer with 
the molecules of combustible materiel to form a hardened body, binders include plasticizers and epoxies. The outer 
discs of chemical agent should consist of 80 to 90% chemical agent, and 20 to 10% pyrotechnic composition. 2) 
The most common smoke generating design is mixing the pyrotechnic mixture directly with the solid warfare agent 
to be disseminated. In this case, the burning of the pyrotechnic mixture volatizes and atomizes the warfare agent 
forming a toxic smoke that can spread over a large area. 


To prepare the pyrotechnic chemical smoke producing mixtures as listed in the following, the ingredients should be 
blended in mixing bowls utilizing stainless steel blades or Teflon blades at speeds ranging from moderate to high to 
produce a uniform powdered mixture, and then any addictives or binders such as epoxy then added, blended 
thoroughly on high speed, and then casted in the usual manner (see The Preparatory Manual of Black Powder and 
Pyrotechnics version 1.4 for more detailed information on pyrotechnic compositions). 


Warfare agents and their pyrotechnic smoke producing compositions 


% Solid Warfare Agent(s) 


%_oxidizer(s) 


% binder, filler, and/or 


addictive(s) 


40% Bromopicrin 


29% potassium chlorate; 6% 
sodium nitrate 


15% epoxy binder; 5% iron 
powder; 3% zirconium 
hydride; 2% aluminum powder 


50% Bromopicrin 


24% sodium peroxide; 7% 
potassium perchlorate 


10% polypropylene glycol; 5% 
ferric napthanate; 2% FD&C 
blue No. 5; 2% epoxy binder 


40% Diphenylchloroarsine 


23% sodium nitrate; 4% 
potassium nitrate 


45% Diphenylchloroarsine 


ammonium perchlorate 


33% sodium nitrate 


15% aluminum ethoxide; 10% 
plasticizer; 4% ferric palmitate; 
2% aluminum oxide; 2% para- 

___dichlorobenzene 
15% plasticizer/epoxy binder; 
5% iron-LII-picolate; 2% boron 

oxide; 1% aluminum 
napthanate 

10% epoxy binder; 5% iron- 

1L-chromite; 5% zirconium 
oxide; 2% meal powder 


50% Diphenylchloroarsine 


21% potassium dichromate; 9% 
chromium trioxide 


10% epoxy binder; 5% soy 
protein; 3% meal powder; 2% 
ferric chromite 


45% Adamsite 


45% Adamsite 


23% potassium chlorate; 4% 
sodium nitrate 


20% ammonium perchlorate; 
10% potassium nitrate 


10% epoxy binder; 7% boron 
oxide; 5% sodium silicate; 2% 
meal powder; 2% potassium 
chloride; 2% nicotinic acid 
15% plasticizer; 5% glucose; 
3% animal glue; 2% calcium 
carbide 


50% Adamsite 


50% Adamsite 


25% potassium chlorate; 20% 
sodium bromate 
30% sodium chlorate; 5% 
sodium peroxide 


3% epoxy; 2% calcium sulfate 


8% epoxy binder; 5% 
potassium phosphate dibasic; 
2% plasticizer 


40% DIIMINE 


30% potassium chlorate 


15% epoxy binder; 5% sulfur; 
5% sodium sulfate; 3% oxalic 
acid; 2% resin 


40% CS 21% potassium permanganate; 11% sulfur; 6% epoxy binder; 
15% sodium nitrate 5% calcium sulfate; 2% iron 

ae ae OE ae ES oxide 

45% CS 25% potassium nitrate; 7% lead 15% plasticizer/epoxy; 5% 


dioxide 


sulfur; 2% wax No. 5; 1% 
potassium carbonate 


45% CS 


30% potassium chlorate; 5% 
ammonium perchlorate 


10% epoxy binder; 5% wood 
charcoal; 3% polyethylene; 2% 
aluminum chloride hexahydrate 


45% CS 


23% sodium chlorate; 12% 
potassium chromate 


10% sodium hydrosulfide; 5% 
sucrose; 3% calcium phosphate 
tribasic; 2% epoxy 


50% CS 


30% potassium chlorate; 5% 
manganese dioxide 


7% epoxy; 5% sodium oleate; 
2% magnesium sulfate; 1% 
wax No. 9 


40% CN 


35% BBC 


23% ammonium nitrate; 2% 
sodium nitrate 


25% ammonium perchlorate 


15% epoxy plasticizer; 10% 
sulfur; 5% phosphoric acid; 
3% calcium sulfide; 2% PVC 
15% aluminum oxide; 10% 
epoxy binder; 5% Teflon; 5% 
meal powder; 3% sodium 
bisulfite; 2% ammonium 
chloride 


30% Cyanogen bromide 


25% sodium peroxide; 15% 
manganese dioxide 


15% methyl cellulose; 8% 
epoxy; 5% lead tetraoxide; 1% 
sulfur; 1% fumaric acid 


35% Mustard gas II 


27% sodium peroxide; 9% 
potassium perchlorate 


15% polypropylene; 9% epoxy 
binder; 3% sulfur; 2% calcium 
carbonate 


35% HN4 


21% manganese dioxide; 13% 
potassium dichromate 


15% plasticizer; 9% sulfur; 5% 
meal powder; 1% calcium 
sulfide; 1% silicon dioxide 


30% Phosgene oxime 


27% sodium peroxide; 6% 
potassium chlorate 


15% lead dioxide; 10% meal 
powder; 7% sodium phosphate 
tribasic; 3% wax No. 5;2% 
sulfur 


30% Phosgene oxime 


27% sodium peroxide; 6% 
potassium chlorate 


15% sodium persulfate; 9% 
sulfur; 5% potassium chloride; 
5% ammonium chloride; 2% 
sodium hypophosphite; 1% 
sodium carbonate 


35% Phosgene oxime 


29% potassium peroxide; 9% 
potassium chlorate 


10% epoxy binder; 10% 
aluminum powder; 4% 
potassium oxide; 2% meal 
powder; 1% calcium carbonate 


40% Phosgene oxime 


30% sodium peroxide; 6% 
potassium chlorate 


15% epoxy plasticizer; 6% 
aluminum oxide; 2% silicon 
dioxide; 1% potassium 
permanganate 


40% FluoroTabun 
Hydrochloride 


30% potassium chlorate 


15% epoxy plasticizer; 8% 
sulfur; 5% sodium sulfide; 1% 
zinc dust; 1% calcium 
carbonate 


40% Pybiapicmethy] dibromide 


21% potassium permanganate; 
15% sodium nitrate 


15% epoxy binder; 5% wax No. 
7; 2% polyethylene; 1% linseed 
oil; 1% sodium sulfate 


40% 3-Carboxmethyl 
dibromide 


30% potassium chlorate; 5% 
ammonium perchlorate 


10% epoxy binder; 7% sodium 
polysulfide; 5% copper-II- 
carbonate; 2% wax No. 4; 1% 
calcium silicate 


40% 3-Carbpicolinyloxy 


21% manganese dioxide; 13% 


15% plasticizer; 6% epoxy 


dibromide 


potassium dichromate 


binder; 3% Teflon; 2% meal 
powder 


40% Bis-Picolinylmoxy 
dibromide 


30% potassium chlorate; 5% 
manganese dioxide 


15% epoxy binder; 4% lead 
dioxide; 2% cryolite; 2% 
sodium bisulfide; 1% silicon 
dioxide; 1% ammonium 
chloride 


45% EA-3209 


45% EA-3209 


30% potassium chlorate; 6% 
sodium nitrate 
32% potassium perchlorate; 12% 
sodium nitrate 


9% epoxy binder; 5% sulfur; 
3% charcoal; 2% cryolite 
8% epoxy binder; 2% 
polyethylene; 1% benzoic acid 


45% EA-3209 


21% potassium permanganate; 
15% sodium nitrate 


8% plasticizer/epoxy binder; 
5% calcium silicate; 4% 
ammonium chloride; 1% wax 
No. 5; 1% phenol 


55% Arsenic Fluorosulfonate 


25% ammonium perchlorate; 
5% potassium nitrate 


10% epoxy binder; 3% salicylic 
acid; 2% polyethylene 


45% Azacyclowolfrine 


30% potassium chlorate 


15% epoxy; 5% sodium 
peroxide; 3% lithium 
carbonate; 2% polysulfide 
binder 


40% Tynarious 


21% ammonium nitrate; 9% 
potassium persulfate 


10% potassium sulfate; 10% 
epoxy/plasticizer binder; 5% 
ammonium chloride; 5% boric 
acid 


50% Acutainious-XG 


23% ammonium perchlorate; 
9% potassium nitrate 


10% epoxy binder; 5% calcium 
sulfide; 2% PVC; 1% 
potassium permanganate 


40% BZ 


20% potassium chlorate; 9% 
sodium nitrate 


15% epoxy binder; 9% 
ammonium bromide; 5% 
silicon dioxide; 2% ammonium 
phosphate tribasic 


40% BZ 


45% BZ 


23% potassium chlorate; 12% 
manganese dioxide 


32% potassium chlorate 


15% epoxy binder; 5% 
potassium carbonate; 3% lead 
chloride; 2% boron oxide 
10% plasticizer; 9% epoxy 
binder; 2% nitrocellulose; 2% 
calcium sulfate 


55% BZ 


31% potassium chlorate 


8% epoxy binder; 3% calcium 
sulfate; 2% ammonium 
chloride; 1% nitrocellulose 
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A standard smoke generating munition—a hand grenade. The grenade works in the usual manner, and after 
the safety lever has been thrown clear and the primer actuated by the striker pin, a slow delay element of 
black powder burns down to an igniter composition. The igniter composition initiates the burn of the 
pyrotechnic composition. The burning pyrotechnic composition produces heat and pressure, which forces 
the chemical agent out through the vent holes. The wire mesh screens are used to decrease the chance for 
burning embers to escape. 
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A standard smoke generating munition—a hand grenade. The grenade works in the usual manner, and after 
the safety lever has been thrown clear and the primer actuated by the striker pin, a slow delay element of 
black powder burns down to a priming composition. The priming composition initiates the pyrotechnic 
booster composition. The burning pyrotechnic booster composition ignites the pyrotechnic burn element 
producing heat and pressure, which forces the chemical agent out through the ejectabel vent plugs. 
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Bursting type smoke grenade. These grenades are often found on vehicles and tanks. When they are 
electrically initiated, a propellant charge shoots the device into the air a predetermined distance from the 
vehicle, where upon the smoke producing munition explodes, producing a rapid mass cloud of smoke all at 
once. These types of munitions have limited use (with the exception of producing non-toxic concealing smoke 
screens), for dissemination of toxic agents, as the vehicles and tanks that fire them would become 
contaminated with said chemical agent; however, munitions such as these do show potential for use in last 
ditch efforts to repel enemy combatants from climbing on, or taking the vehicle or tank in a desperate 
situation. 
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Another common smoke producing munition. The grenade works in the typical manner; the safety pin is 
pulled, the safety lever is allowed to be thrown clear, then a striker pin rotates over 180 degrees striking the 
primer, which begins the chemical train, that burns down to the ignition charge, which ignites the primary 

burn initiation mixture, which ignites the chemical smoke producing mixture. 
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A very common chemical smoke producing hand grenade. In this type of design, the grenade is activated in 

the usual manner, and igniting the ignition composition, that thereby ignites the chemical smoke producing 
pyrotechnic mixture. The smoke is then exited out through the vent plugs. 
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MK-909 30mm grenade launcher and corresponding smoke munition. The munition works in the usual 
manner whereby upon impact of the target, the fuze initiates an igniter charge, which causes the chemical 
gas smoke composition to begin burning, and hence dissemination of the chemical agent that escapes along 

with the gas through the vent holes forming a uniform dispersion. 
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Typical smoke producing munition. The grenade works in the usual manner. In this design, the smoke pours 
out of a cylinder opening through the fuze body. 
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1000 pound chemical smoke gravity bomb. The gravity bomb works by dropping it from a pre-determined 
altitude, and where upon once released, the rotating fin assembly drives the counter spring mechanism, 
which controls a series of mechanical devices, which once the gravity bomb has reached its pre-determined 
altitude (1200 to 1500 feet), the two ignition charges are initiated, and thereby the chemical smoke 
composition begins to burn seconds before the bomb impacts with the ground; thereafter, it burns at a 
steady rate, releasing its chemical smoke over a wide area. This type of munition is rare (in today's modern 
militaries), but not un-common for battlefield use. 


Ill. Explosive techniques (explosives munitions) 


Dissemination of chemical warfare agents using explosive munitions is another common method. Most chemical 
warfare munitions are projectiles, shells, bombs, or other devices, which detonate upon impact or activation, 
causing the agent or mixture to be thrown over a moderate area. Explosives munitions are quite easy to produce, 
and in essence, the cheapest and most convenient source for chemical warfare delivery. Unlike aerosols, which 
require special apparatus and equipment for loading or unloading munitions, explosives oriented munitions are 
rapidly assembled and/or disassembled within minutes. 

Even though explosive munitions are a common method for delivering chemical warfare agents onto the battlefield, 
they are not necessarily very effective. In many cases, much of the chemical agent is destroyed upon detonation, 
due to excessive heats produced from the explosion, and proper dissemination is often there for missed. Explosions 
can blow the warfare agents into the air and surrounding environment, but often dirt and other debris mixes with 
the agents, thereby disrupting the ability of the agents to thoroughly blend with the air and expand. However, 
explosive munitions can effectively distribute vesicants and nerve agents over specified areas, and contaminating 
said areas by contact—rather then through air contamination. 

Explosives munitions can effectively be used to disseminate solid warfare agents as long as the solid agent is finely 
powdered, and disseminated properly using the minimum amount of explosive. Attempts to disseminate solid 
wartare agents using explosive shells results in much decomposition of the solid agents, along with inadequate 
dissemination. Liquid agents show greater dissemination then solid warfare agents, and explosives munitions in 
general are primarily used to disseminate liquid vesicants and nerve agents. 

Dissemination of chemical warfare agents is not all un-satisfactory when it comes to explosives munitions, and this 
is determined heavily on the amount of explosive used, and munition design. Obviously too much explosive would 
cause excessive decomposition of the liquid agent, but to little would do very poorly at dissemination. In essence, 
the explosive munition, the amount of explosive used, and the stability of the liquid nerve agent drastically 
determines the munitions ability to properly contaminate an area, and satisfactory dissemination of the agents. 
Munition design is considered an art form, but a few simple guidelines can be followed. 

For shells, and projectiles the following should be used: 1) The area of the shell, or projectile that contains the 
agent should be located to the rear of the munition; 2) The explosive used should be of low velocity (1.e., TNT and 
ammonium nitrate based), and should be located to the front of the munition, and in front of the chemical agent; 3) 
the explosive should not dip, or come in direct contact within the radius or vicinity of the liquid agent; 4) The 
amount of explosive used should only be about 20 to 30% of the total weight of the chemical agent, and the 
explosive body should not be casted—it should be in granular or powder form; and 5) the walls of the shell or 
projectile should not be excessively strong, meaning the shell or projectile should easily come apart upon 
detonation. 


Regardless of shell design, on average at least 15 to 25% of the total chemical agent by weight is destroyed upon 
explosion of the shell, or projectile. Thickening agents can be mixed with the liquid chemical agents to provide 
added stability. Thickeners can range from waxes, oils, hydrocarbon solids, benzenes, and/or aluminum or zinc 
salts of palmitic or napthenic acids. 
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A unique, explosive actuated munition. The munition is easily stuck in the ground, camouflaged, and the trip 
wires installed. Obviously when the trip wires are pulled or tugged, they initiate an explosive train, which 
detonates the bursting charge. The bursting charge then spits the active chemical agent upwards, thereby 
allowing the said chemical agent to mix with the air forming a fine mist or smoke-like dispersion. Note: in 

the illustration it states "solid or liquid chemical agent"; however, liquid agents are more preferred, but 
solid warfare agents can be used but must be very finely powdered; in this way, upon the small bursting 

charge, a dust cloud of solid chemical agent is formed, which is capable of mixing with the air and forming a 

fine dispersion that can travel over a wide area. 
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A standard mortar shell. Mortars are fired when they are dropped into a mortar tube. The mortar tube 
contains a firing pin at the bottom of the tube, and when the mortar shell slides down the tube, it strike the 
firing pin, which initiates the gas propellant mixture. The gas propellant mixture produces tremendous 
pressure which forces the shell down-range. Upon impact of the shell, the detonator is activated, which 
initiates the TNT/ammonium nitrate explosive mixture. The detonation of this explosive rips apart the shell, 
and throws the liquid chemical agent into the environment, contaminating a small area. 


Bombs and other large explosive munitions should be designed by the following: 1) The inner core of the bomb is 
where the explosive goes. As with shells and projectiles, the explosive used should be TNT/ammonium nitrate 
based, and should be in granular or powder form—about 20 to 30% of the total weight of the chemical agent; 2) the 
outer space surrounding the inner core of explosive is where the chemical agent goes. For large bombs, the liquid 
chemical agent should be thickened using petroleum oils, or aluminum or zinc salts of palmitic or napthenic acids; 
3) The walls of the bomb should not be excessively think, meaning the bomb should easily break apart upon 
detonation; and 4) The fuse of the bomb should be designed so it detonates the bomb above the target, not on 
impact. The size of the bomb dictates the altitude—for bombs up to 500 pounds (total weight), the bomb should be 
detonated at 25 to 100 feet above the target; bombs up to 1000 pounds should be detonated at 150 to 300 feet above 


the target; and bombs up to 2000 pounds should be detonated at S00 to 900 feet above the target. Note: the altitudes 
outlined are for ideal environmental conditions, i.e., little or no wind, and no rain. In windy and/or wet rainy 
conditions, will change the altitude and overall use of such munitions. 

Explosive shells, projectiles, and bombs are not the only delivery methods for explosive oriented warfare 
munitions. Most often left behind closed doors, are specialty designed explosive chemical warfare munitions. The 
most common of these types of munitions are chemical land mines. Ordinary land mines are already under much 
debate and scrutiny, but chemical land mines break the mold of controversy. Believe it or not, the US and other 
western nations have stock piled chemical land mines, and have extensive battle plans for the use there of. 
Chemical land mines are one the most secret, and covert methods of distributing chemical warfare agents, and 
contaminating environments. Many chemical land mines are air-deliverable, meaning they are dropped from 
“cluster bomb” type weapons—where they get self-buried in the ground over short periods of time. Despite the 
many weapon systems available for the distribution and dissemination of chemical agents, chemical land mines are 
actually quite common, and remain a preferred method for tactical operations. 

Specialty munitions like chemical mines should be designed as follows: 1) The mines outer casing should be 
composed of all weather polymer, which is strong; 2) The inner mine casing should be composed of HD polymer, 
and it should be readily breakable upon mine detonation; 3) The explosive charge should be composed of low 
velocity explosive such as TNT, Picric acid, or any medium velocity explosive along with ammonium nitrate and 4) 
The mines should be bounding type mines, which are highly effective at disseminating the chemical agent—as they 
air burst upon activation, The bounding mines can be pressure activated, trip wire activated, tilt rod activated, or 
man fired, Preferably, the bounding mines should be supplied with not only a pressure plate, but one or more tilt 
rods, and one or more trip wires—preferably 6 to 9 trip wires forming a plurality that extends like a spider web 
from the central mine. Multiple activated bounding land minds are the best for maximizing potential activation by 
enemy personnel. 
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A bounding land poison gas mine. The mine is activated when someone steps on the pressure plate. Pressure 
from a man’s foot depresses the pressure plate, which releases a spring-loaded firing pin. The firing pin 
slams down, striking a primer, which activates the propellant charge. The propellant charge produces large 
volumes of gas which forces the inner mine, which is the actual mine, up into the air where it detonates. A 
quick burning pyrotechnic fuse, not shown, is ignited simultaneously as the propellant charge. This quick 
burning fuse burns to the tetryl detonator within a matter of seconds. By the time the quick fuse burns to the 
tetryl detonator, the mine has reached an altitude of about 5 meters. The detonation of the tetryl booster, 
initiates the TNT/ammonium nitrate charge, which throws the chemical agent in all directions, whereby a 
small area is contaminated. 
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A typical explosive actuated chemical grenade. The grenade works in the usual manner, and the active 
chemical warfare agent is a liquid under moderate pressure. Upon the bursting charge going-off, the 
grenade body is blow apart whereby the liquid agent gets thrown into the air, contaminating a small area. 


IV. Special techniques (atomizers, humidifiers, and foggers) 


Atomizers, humidifiers, and foggers are unique devices for the delivery of chemical warfare agents. In many cases, 
they are quite common, but are only used during special situations. Under most conditions, chemical warfare agents 
are delivered and disseminated using aerosols or explosive munitions. Aerosols and explosives munitions are 
primarily used to delivery and disseminate warfare agents directly or indirectly to the desired target areas from sate 
distances. Atomizers, humidifiers, and foggers however, are used in cases where warfare agents need to be 
disseminated on-site, and in various quantities. To do this, atomizers, humidifiers, and foggers’ are specially 
designed machines, which disseminate the agents on-site utilizing various techniques of volatization and 
humidification. The techniques of volatization and humidification utilize air as a major component to proper 
function, and resemble the natural processes of mists, humidity, and fog. Most atomizers, humidifiers, and foggers 
used in chemical warfare are mounted on trucks, tanks, or other vehicles. 

Atomizers, humidifiers, and foggers used for the dissemination of chemical warfare agents, work in similar 
manners as for commercial or industrial devices. Such examples include fuel injection systems (atomizers), 
personnel health care humidifiers, and agricultural pesticide dissemination techniques utilizing fog-making 
machines. Other examples include: industrial chemical applications, spraying operations for personnel, commercial, 
and/or agricultural means, and fire extinguishing systems. 

Atomizers are special, yet simple devices, which cause liquids to form fine mists or sprays. These mists or sprays 
easily mix with air and expand over wide areas. The exact mechanical nature of atomizers is similar, but can vary 
widely. The main focus of atomizers is to produce fine mists or sprays of any desired liquid. To do this, most 
atomizers use piston type mechanical functions to produce suction, so as to bring in the fluid from a central 
reservoir, and then force said fluid through a specially designed nozzle, where by it is “atomized” into a fine mist or 
spray. In general, an atomizer functions in a manner resembling a standard household spray bottle, such as a 
“windex” or “4 or 9” bottle. In this case, the force action of the sprayers finger on the trigger mechanism of the 
bottle, forces a piston into movement. This movement creates a suction, which draws in the liquid from the 
reservoir (the bottle), and discharges it through a simple, yet specially designed nozzle—this action creates a fine 
mist or spray. Most atomizers used in chemical warfare use gas operated or electrically operated pistons to create 
suction and discharge of the liquid. Atomizers can only be used to disseminate liquid agents, or solutions of solid 
agents dissolved in suitable solvents. Any solid warfare agent dissolved in an appropriate solvent can be used with 
atomizers. 
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Close up view of a standard atomizer head. The pump and other features have been omitted from the 
illustration, The pump can be of many different styles and/or function, but they are normally electrically 
actuated pumps. The central actuated piston is connected to the main piston, and it is responsible for a 
secondary pump action—sending the fluid down the central spray tube under erratic pressures. The erratic 
pressures coincide with the suction created with the pump, and this activity is what causes the fluid to be 
ejected from the exit hole at high velocity. The high velocity ejection creates a very fine mist or spray— 
depending on spray pattern chosen for the exit hole. This particular design would produce a very fine mist 
upon actuation. 


Humidifiers are devices that produce very fine vapors composed of liquid and air—similar to ordinary moisture in 
the air. Essentially, humidifiers atomize the liquid component into a fine mist or spray, but instead of ejecting said 
atomized liquid as is, the fine mist or spray is mixed thoroughly with air on-site, so as to produce a uniform mixture 
of liquid and air particles. This fine uniform mixture, other wise known as a “humidified” vapor, is then ejected 

into the atmosphere. In short, the atomized chemical agent is produced using a different approach then for ordinary 
atomizers. The chemical agent or liquid is drawn up into the housing of the device using a centrifugal force pump. 
This centrifugal pump pulls the liquid agent up and onto a fan blade, which disperses the liquid onto a vertical grill. 
This action produces a high surface area upon the liquid. The high surface area of the liquid that is created produces 
a fine mist, which then mixes with a current of air to form a “humidified” vapor. The vapor then escapes through 
the top vent port of the device. In essence, these humidifiers are identical in nature to standard store bought water 
humidifiers. Humidifiers can only be used to effectively disseminate some liquid agents. In most cases, the more 
non-volatile liquid agents will not disseminate properly using humidifiers. Dissemination of solutions containing 
dissolved solid agents in appropriate solvent(s) is impossible because only the liquid solvent part is removed, which 
would leave the solid agent behind. 
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A standard humidifier—similar, but much smaller then a vehicle mounted device. The electric motor 
functions in two parts: 1) moving the centrifugal pump, and turning the fan blades. The centrifugal pump 
forces liquid up into the housing where by it makes contact with the fan blade. The force of the fan blade 
throws the liquid against a horizontal grill thereby forcing the liquid into a greater surface area. The 
rotational action of the fan blade then proceeds to spray the high surfaced liquid into fine mists. Suction 
created by the electric motor draws air into the housing, whereby it mixes with the fine mists of liquid. The 
mixing of the fine mists of liquid with the air, produces a uniform vapor, which exits the device at the upper 
outlet vents. This vapor flow is directed upwards by the simple rotational direction of the fan blades. 


Foggers are used to generate fine dispersions of tiny uniform particles of chemical agent resembling that of natural 
fog or smoke. The design of foggers can vary widely, but they all produce uniform dispersions of particles by 
utilizing volatization and pressure. A standard fogger is composed of two main compartments. Both compartments 
are connected using a pipe, and both compartments are heated using electrical coils. The first compartment contains 
the active chemical agent and addictives. The second compartment contains wire mesh screen, or small fragments 
of metal. The addictives used in the first compartment are determined by what chemical agent or mixture of agents 
is to be disseminated. When heat is applied to the first compartment, the liquid mixture begins to volatize 
producing pressure. This pressure forces the liquid mixture into the pipe, which connects both compartments. As 
this liquid reaches the second compartment, its surface area is changed drastically as it makes contact with the wire 
mesh screen or tiny metal particles. The heat of the liquid mixture making contact with the wire mesh screen or 
small metal fragments causes the liquid mixture to expand, and untimely vaporize to the point where additional 
pressure forces it out an exit vent. The second compartment is heated as well, so as to continue pressurization of the 
liquid mixture. As the vaporized liquid mixture is ejected from the exit vent, its contact with the outside air, which 
is much cooler, causes the vaporized liquid mixture to suddenly cool and form a fine dispersion of tiny particles of 
chemical agent and air. This fine dispersion expands and occupies an area like a natural fog. Sometimes this 
synthetic fog will linger in areas for periods of time ranging from 1 hour to 12 hours depending on the weather. In 
most cases, the synthetic fog will condense on the surface of plants, leaves, trees, grass, wood, and many other 
objects within hours of release. 

Not all chemical agents can be satisfactorily disseminated using foggers. Decomposition due to heat and pressure 
may result from certain agents. Chemical agents that can be satisfactorily disseminated are solid agents that are 
soluble in high boiling hydrocarbon liquids or glycols, and relatively moderate to non-volatile liquid agents. Such 
agents include, VX, VX-II, V-sub x, soman, thiosoman, and cyclosarin. The addictives include a series of 
compounds of the glycol family or high boiling hydrocarbon liquids. For VX, VXI, and V-sub x, propylene glycol, 
ethylene glycol, or high boiling hydrocarbon liquids should be used as the addictive. Heavy viscous hydrocarbon 
oils, which can be selected from a huge family of compounds, can also be used. High boiling hydrocarbon liquids 


should be used with soman, thiosoman, and cyclosarin. As previously stated, solid warfare agents cannot be 
disseminated properly if they do not dissolve in the appropriate glycol or hydrocarbon liquid—in other words, solid 
warfare agents need to be dissolved into the glycols or hydrocarbon liquids prior to use. 


Once the appropriate addictive has been chosen, it should be added to the first compartment, along with the desired 
chemical agent—if using a solid warfare agent, it needs to be dissolved in the addictive prior to loading into the 
first compartment. Once the first compartment has been loaded, the device is sealed, and electrical power supplied 
to the heating coils. Once the pressure builds up in the first compartment, dissemination of the liquid mixture 
begins rapidly, and large amounts of “fog” are produced. It does not take long for the first compartment to be 
depleted of liquid mixture; as a result, foggers in most cases are rather large devices mounted on trucks, tanks, or 
other vehicles, and they are connected to central reservoirs so as to reload the first compartment for additional fog 
making. 
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A schematic of a standard fogger. The temperature of the first compartment should be around 115 to 125 
Celsius. The temperature for the second compartment usually ranges from 220 to 320 Celsius. The wire 
mesh or small metal fragments should be made of inert metal—usually steel, nickel, or titanium. Note: The 
design and function of foggers can vary, and there are numerous variations and styles that can be made to 
this general design. 
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